








PRICE 50 CENTS 


—J=-toe) a) Glens 
I Te SS SS = i ee 


McGRAW-HILL WEEKLY FOR. DESIGN ENGINEERS ° - JUNE 5, 1961 








ft 
s 


J 


il i li 


, " | | MI, 
sills 


MAGNETIC: HEAD 


positioned by oil... 
| rides on air... 


SEE PAGE 54 





¥Y HOIR YOGHY NY 
LS SSL MELE 


$9. 1dad WIROLIGS 
— SWELAOEDIN ALISOFT NN 





TYPE 20AS 


NORGREN 
PRECISION 
PRESSURE 
REGULATOR 


high sensitivity and exact accuracy 


of air pressure regulation 


The new Norgren Precision Pressure Regulator, Type 20AS, 
is designed for air-gauging, laboratory use, pilot regulation 
and other applications where a high degree of accuracy and 
sensitivity is required for air pressure regulation. Operation 
of the new Type 20AS regulator is characterized by 
the following: 

1. Accurate regulation at all flows up to the maximum flow 


recommended for 4%” pipe. This is more than 2 times the flow 
previously possible with instrumentation regulators. 


Immediate response and high sensitivity. 


3. Exact repeatability and freedom from drift over short or long 
time operations. 


4 Accurate regulation—even at delivery pressures below 1 psi. 


SE to, 
SPECIFICATIONS: 


0-60 psig secondary pressure 
0-150 psig primary pressure 
32° to 160° F temperature range 


Y%." pipe size 


For complete technical information about the new Norgren Precision Pressure Regulator, call your nearby 
Norgren Representative /isted in your telephone directory—or write factory for brochure NA-7. 
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DEPARTMENTS : TO STOP YOUR PRODUCT FROM LEAKING .. . A R Gardner 
INTERESTING TO NOTE Here’s a quick survey of ways to design a leakproof product 
WHAT'S NEW IN RESEARCH 
DEVELOPMENTS TO WATCH WANT PRECISION? DON’T OVERLOOK ELECTROFORMING .. . W H Safranek 
FROM WASHINGTON With these ways of doing it, the method needn't be costly 
THE ENGINEERING WEEK 
POINTS OF VIEW MORE WORK FROM VARIABLE-HEAD FLOWMETERS . . . G Bloom 
READER TO EDITOR Seven ways to make them handle jobs beyond their normal limits... . 
MEETINGS 
FY! PERSONAL IF YOUR DRAFTING ROOM MANUAL READABLE? .. . S W Brossman 
HORIZONS Author tells how to make it a useful working reference 
PRODUCT DESIGN 
DESIGN FILE HOW TO LISTEN—AND REMEMBER .. . E J Tangerman 
SIGNIFICANT COMPONENTS Yes, it’s a technique: here are three simple steps 
DESIGN LITERATURE ‘ 


ADVERTISERS INDEX FINDING ROOTS OF QUADRATIC EQUATIONS .. . M W Loftus 
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Nomograph reduces human error when solving y = ax* + bx + c¢ 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MATERIALS: The newest of the man-made elements 
These coatings to broaden rubber applications...... 
Plastics can be cured by sunlight 


Ceramic and cermets protect tantalum 


MECHANICAL: Strain gages protected by wrapped rubber 
Fire lubricates these bearings 
Transducer system for high-accuracy linear measurement 
Submersible pump, only 6 in. high, has 800-gph capacity 


ELECTRICAL: 


High-power lamps head for commercial use 


60-amp power plug molded in corrosion-proof neoprene 
PRODUCTS DESIGNS: Air and oil invade computer field 


GENERAL: How to hear all—evolution of hearing aids 
Radio commercials sell auto materials—but not to designers 
California eyes salt water converters as costs drop 
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@ POSITIVE SEALING 
UNDER ALL CONDITIONS 
@ ELIMINATES ALL 
SPIRAL TWIST FAILURE 
@ FOUR FLEXIBLE 
SEALING SURFACES 
@ LOW FRICTION INSTALLATION 
@ HIGH DENSITY INJECTION MOLDED 
» @RUBBER COMPOUNDS TO FIT 
> APPLICATION 











POSITIVE SEALING UNDER ALL CONDITIONS 
The MR QUAD-RING gives superior sealing in 
reciprocating, rotary, and static applications at 
pressures ranging from 0 on up. 


ELIMINATES ALL SPIRAL TWIST FAILURE —This 
costly cause of O-ring failure is eliminated be- 
cause the relatively square cross-section of the 
QUAD-RING will not roll. 


FOUR FLEXIBLE SEALING SURFACES—gives 
double the sealing effectiveness of the O-ring be- 
cause of the exclusive seal design, It prevents 
leakage and requires less squeeze, 


LOW FRICTION INSTALLATION—is made possi- 
ble because of the exclusive quadrilateral design, 
This permits much higher rotary speeds and gives 
the seal much longer life. 


HIGH DENSITY INJECTION MOLDED —All QUAD- 
RINGS are molded by MR’s exclusive injection 
molding process to give an exceedingly dense 
product. There are no voids to cause seal failure, 


RUBBER COMPOUNDS TO FIT APPLICATIONS 

MR compounds are designed to give the best 
possible service, using basic polymers such as 
natural or synthetic rubber, silicone or any other 
that will perform best under the specific conditions, 


Quad Rings are manufactured under U. S. patents RE 24332 and 2,873,132 


FOR MORE INFORMATION AND 
COPY OF THE QUAD-RING APPLICATION 
AND INSTALLATION HANDBOOK ... 
WRITE: 


WRITE ON YOUR LETTERHEAD FOR A FREE 


“MR FACTS FOR FILING’ COVER. 
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INTERESTING TO NOTE 


Our Clamoring Thirst 


Although most domestic problems concern peace and 
national security, there are challenges slowly coming to 
light that will tax our engineering skills as heavily as the 
design of a missile. Specifically, how to obtain more fresh 
water. Few realize how the consumption of fresh water 
has soared and how ingenious some engineers have been in 
seeking ways to maintain an adequate supply in the face 
of the growing demand. At the root of the supply problem 
is the fact that our future needs cannot be met by water 
from our wells, lakes, rivers and streams. Our increased 
demand has raised the individual daily water requirements 
from 40 gallons in 1900 to 150 gallons today. If this seems 
high, realize that it takes 1000 gallons of water to make just 
one automobile tire, 65,000 gallons to produce a ton of 
steel and 200,000 gallons to process a ton of viscose rayon. 
Salt water conversion is the obvious answer, but as yet no 
commercial method has proved financially feasible. 

The problem isn’t new. Ancient writings indicate that 
Aristotle at one time tried to de-salt sea water. In the 16th 
century, when sailing ships began to roam the seven seas, 
one of the most critical problems faced by their crews was 
an adequate supply of fresh water. In an effort to help her 
Navy, England’s Queen Elizabeth I offered the equivalent 
of $50,000 to anyone who could devise a commercially use- 


1791: “From 16 pints of sea water he drew off 15 pints of 
fresh water in 2 hours and 55 minutes, with 3 pounds of 
dry hickory and 8 pounds of seasoned pine.” 

Water can be a problem in more ways than one. Floods, 
typhoons and tidal waves cause millions of dollars’ worth of 
damage annually. On a much smaller scale, the simple leak 
in the roof or a dripping refrigerator can be a problem. 
The article on page 41 will give you a quick survey of ways 
to design a leakproof product. 


How to Hear All 


At one time, the inability to hear was cause for extermi- 
nation. Despite the Biblical injunction, “Thou shalt not 
curse the deaf,” the hard of hearing were outcasts of society 
for centuries and in many periods were legally declared 
inferior persons. For example, a deaf person was a second- 
class citizen in Greece, Rome and medieval France. During 
Aristotle’s days, the deafened were grouped with the feeble- 
minded and denied an education. Many centuries later the 
Justinian Code classified the deaf with idiots and spend- 
thrifts—they couldn’t make wills, enter contracts or become 
guardians. Even the famous legal authority, Blackstone, 
held that the deaf were incapable of making deeds, con- 
tracts, or of testifying in court. 


ful method of conversion. 
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The prize went unclaimed. 
About 200 years later, Thomas Jefferson conducted some 
successful distillation experiments, reporting to Congress in 
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It has been only within recent centuries that the deaf 
have been able to find not only social acceptance but also 
physical implements to assist their hearing. 
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ward ear trumpets were the thing a century ago. In 1879, 
Richard Rhodes of Illinois received a patent on a fan-like 
device called the “‘audiphone.” It was held against the 
teeth, transmitting vibrations via bone to the ear. Then in 
1901, Miller R. Hutchinson invented and produced the 
first electrical hearing aid, called Acousticon. Since then 
science has made tremendous strides, designing and build- 
ing hearing aids so small they are practically invisible. But 
listening doesn’t need just a healthy ear. It also requires 
the desire to hear what the speaker is saying—plus complet« 
attention. Tips on how to listen can be found on page 61. 


Mechanical Men of Old 


Automatons have long been of interest to the inventive 
mind. Since primitive eras, man has tried to artificially 
duplicate his own likeness. In early Egypt, the object was 
to instil terror by the use of articulated statues. The Arabs 
combined automatons with clepsydras, or water clocks. 
This concept was followed with mechanical mannikins 
(“Jaquemarts”) who struck the hours on bells of huge ma- 
chine-driven clocks. Soon, animated scenes were per 
formed on clock-fronts every hour by intricately designed 
automatons. In parts of Switzerland and Germany today 
these old village clocks can still be seen. Eventually, 
smaller automatons were placed in drawing-room clocks, 
snuff-boxes, and even inside rings. 

In 1774, one of Switzerland’s most gifted horologists, 
Pierre Jaquet-Droz, designed and built three ‘mechanical 
dolls.” When he put them on display they became an 
overnight sensation. People made pilgrimages to the 
Jaquet-Droz house just to see them. Within a year, thev 
were exhibited to royalty in Paris, Brussels, Madrid and 


Smithsonian Institution 
Russia. They are now owned by the History Museum of 
Neuchatel, Switzerland, where they “‘perform” for the 
public on the first Sunday of each month as well as on 
special occasions. 

The three automatons are a writer, a lady musician and a 
draftsman. The writer is a child about three years old, 
seated on a Louis XV stool. His right hand holds a goose 
quill, his left rests on a little mahogany table. His eves 
follow the tracing of each letter as he actually writes several 
lines of script, using both capital and small letters. ‘The 
lady musician sits at a small organ and plays a composition 
written by Jaquet-Droz’s son, Henri-Louis. Her fingers 
actually press the keys—contrary to modern automatons 
whose fingers only follow the keys while the instrument 
does the playing. The draftsman, a boy dressed in knee 
breeches and velvet coat, draws a design with a pencil upon 
a small card. Perhaps he’s preparing a drafting-room 
manual similar to the one described on page 57. 


—Benedict A Leerburger Jr 








. Longer Holes in Sheetmetal 


. How to File It Efficiently 








NEXT WEEK IN PRODUCT ENGINEERING 


. Press-forging for Higher Strength Steel Castings 


The hybrid process—casting followed by forging—improves strength and 
reliability. Here’s how to apply the technique to existing production parts. 


. How Good Are Solid-film Lubricants? 


Continuing test programs are aimed at finding a lubricant for 1000 to 2000 F 
and for high-vacuum service. Author gives the results so far available. 


In steel or brass, depth of a threaded hole should be at least half its width. 
If the metal is too thin, here’s what to do. 


A rundown of some efficient, simple filing methods—plus tips on saving time and 
space. 
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PAPER PEACOCK 


Sweetest word 

in the office heard 
“that Ozalid paper's 
a colorful bird. 


The peacock, they tell us, flaunts color to win attention. (From lady peacocks, we presume). You, too, can attract attention 
with color. But in a more businesslike way. With Ozalid Sensitized Papers you can color-code any engineering or business 
system. Speed and simplify paperwork. Eliminate routing errors. Make sure important or top secret documents get instant 


action when needed. In engineering, for example, blueprints’ no longer need be blue. 
Office systems—production control, order-invoicing, income tax returns—can be coded 
by function, status, time or destination. Sales bulletins, charts, graphs, presentations 
can be brightened... made more effective by color. Want to simplify, error-proof your 
office system? Show your colors! Our booklet “Color 

says sO much ...so much faster” tells you how. OZALI > 
Send for it today. Ozalid, Dept.204,Johnson City, N.Y. WE REPEAT 


Colored Papers speed communication, cut overhead. 12 eye-catching stocks for dry Ozalid and semi-dry © Z y+% | H - 


Ozafax machines. Remember: for best results from Ozalid Whiteprinters use Ozalid Paper and Ozalid 
Supplies we repeat; use Ozalid Paper and Ozalid Supplies DIVISION OF GENERAL ANILINE & FILM CORPORATION 
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Neutrons to measure 
temperature? 

A neutron “thermometer,” a device 
using the scattering of thermal neu- 
trons as an indication of temperature, 
may provide a new route to study of 
high-temperature gases. 

Preliminary studies at St Louis 
Univ indicate such a device is feasible, 
aud design studies are under way. 

A beam of neutrons, obtained from 
the thermal column of a nuclear re- 
actor, would be allowed to impinge 
on a volume element containing a 
high-temperature gas. The neutrons 
would be directed so that the angle 
at which they were scattered would 
give them an energy distribution in- 
dicative of the average ion tempera- 
ture of the gas. 


Meet the newest 


man-made element 

Lawrenciurn will likely be the name 
for element 103, most recent addition 
to the periodic table. An isotope 
(probably mass number, 257) has been 
produced by University of California 
scientists; and, as the discoverers, they 
should have the right to name it. 
Their choice: lawrencium (symbol, 
Lw), in honor of UC scientist E. O. 
Lawrence. 

The isotope was made by bombard- 
ing californium (element 98) with 
boron nuclei; has a half life of about 
8 sec, and breaks down to mendel- 
evium (element 101) by emitting al- 
pha particles. Element 103 is, inci- 
dentally, the last of the actinide 
(rare-earthlike) elements. The next, 
element 104, should resemble _haf- 
nium (PE—Feb 8 ’60, p 9). 


Wrapped rubber protects 
strain gages 

To obtain accurate strain-gage meas- 
urements on buried, watercooled cable, 
Ontario Hydro research engineers have 
devised a simple but effective protec- 


tive wrapping: self-bonding, _ self- 
vulcanizing rubber tape. 

Under ordinary conditions, a thin, 
soft wax coating will protect gages 
from moisture without interfering 
with flexing of the surface to which 


they are attached. For relatively severe 
outdoor exposure, epoxy resin coatings 
and metal “caps” can be used. But 
neither of these provided sufficient 
protection for the watercooled cable. 
For one thing, the cable (PE—Jan 9, 
p 6) is sheathed in lead, to which 
few materials will adhere. For an- 
other, its temperature increases with 
the current being carried. 

Helical wrapping of the cable with 
the self-vulcanizing rubber tape after 
the gages were in place, and holding the 
end layers with hose clamps, did the 
trick. The tape, about zs in. thick, is 
soft and very flexible, has good thermal 
characteristics, and is easy to apply. 


Briefing the Soviet Record 

Metallic behavior of phosphorus and 
iodine at ultrahigh pressures has been 
noted by researchers at the USSR 


Academy of Sciences. In a recent is- 
sue of a physical journal (Fizika tver- 
dogo tela, v.2 #11), they report re- 
sistivity of both elements decreases 
with increasing pressure, reaching a 
figure comparable to that of metals at 
pressures in the 100,000-atm range. 
When the pressure returns to normal, 
though, so does the resistivity. 


Tantalum-columbium alloys show an 
unusual oxidation and corrosion pat- 
tern, Ukranian researchers report. 
Writing in the USSR Journal of Physi- 
cal Metallurgy, Institute of Powder 
Metallurgy academicians report that, 
with tantalum percentages of 35 to 
82.5, columbium’s corrosion resistance 
is considerably improved at tempera- 
tures to about 1500 F. Above that 
point, however, oxidation is acceler- 
ated, particularly in strain-hardened 
(cold-rolled) metal. 





Transducer measures 
heat bursts 


A thermal power transducer for 
measuring intense transient heat 
levels has been developed by Lock- 
heed engineers, using simpie, com- 
mercially available components. The 
current-generator is a ceramic disk, 
black-enameled to absorb the incident 
heat energy. It’s mounted in a flat 
case as shown and its output fed to 
a high-sensitivity recording galvanom- 
eter. For relatively iow thermal 
power levels (to 170 F), barium 
titanates are used; for high levels (to 
550 I*), lead zirconate titanate. 

Reporting on the design, B. L. 
Mattes and T. A. Perls of Lockheed 
say it maintains uniform sensitivity 
over a wide thermal power range. 


CERAMIC DISK is heart of new ther- 
mal power transducer. Two types of 
glass wool serve as shock absorbers. 
Electrode assembly includes silver 
electrodes on both sides of ceramic 
disk. Fluorocarbon bushing insulates 
central (ground) electrode. 


/ ELECTRODE ASSEMBLY 





VWZ7ZZ, 





PAS \ 


pa 








we 








"3 


ele? Oe PO Cole, se L7H 


“oe tA { 





y' 











REE SESE WOOO 











CERAMIC DISK 
BNC CONNECTOR 


GLASS WOOL 


CONTAINER CAP AND BASE 
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The Prime Mover Company, Engineers of the Prime Mover Company, Mus- 
manufacturer of materials catine, Iowa, demanded the most dependable steel 
handli ‘ ' : bars available for six important parts of their 

RENE SERPS, SAYS: transmission assembly. Here are some of the 
reasons they specified STRESSPROOF! 


Our “Prime Movers” You don’t have to heat treat sTRESSPROOF! There's 


no heat treat distortion. 


give these 6 parts a STRESSPROOF is strong . . . 100,000 psi. 
terrific beating at that’s It machines faster .. . at 83% the speed of B1112. 


It wears better without case hardening .. . re- 


why they’re made of placing .40 carbon alloy steels and other heat 


treated and alloy steels, such as 8640, 4140, 


LaSalle C1045, C1141, and C1137. 
It costs less than heat treated in-the-bar alloys. 


STEEL BARS 








a 


h Withou ut Heat 


Driving Axle, 1%42" 





Bearing Carrier 
Clutch Throwout, 2%” 








5 


Use this coupon to request technical bulletin announcing improvements in LaSalle strEssPROOF Steel Bars... with copper. 


aA Salle STEEL CO 1430 150th Street 
: Hammond, Indiana 





Please send technical : Title 
bulletin ‘Today's 
Improved LaSalle y Company 
STRESSPROOF Steel 
Bars...with Copper."’ 
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These coatings to broaden rubber applications 
Sprayed urethane coatings can improve both the appearance and performance of rubber 
seals, weatherstrips, and other parts subject to friction and wear, says this year’s Goodyear 
medalist, Dr Herbert A. Winkelmann of Dryden Rubber Co. The coatings developed 
at Dryden maintain their flexibility even after long outdoor exposure, have excellent 
resistance to oils and solvents, and, says Winkelmann, impart a high degree of slip— 
superior to any other coating tested for similar applications. 

As compared to fabric and flock-coated rubber, now used in automotive weather- 
strips and similar applications, the urethane-coated materials show considerably superior 
wear and chemical resistance, retain their good appearance for much longer periods, and 
have much better wet friction properties. They are not quite as good as the fabric- 
wrapped materials under dry friction conditions, however. 

A wide range of urethane coatings can be produced, using a variety of fillers; and 
simulated chrome and bronze as well as colored finishes can be obtained. Also, the 
coatings show excellent adhesion to both natural and synthetic rubber (including butyl 
and fluorine compositions). Optimum coating thickness is between 0.0006 and 0.0002 
in. for most applications, Winkelmann says. 


Plastics can be cured by sunlight 

Polyester resins that will cure at 0 to 50 F under artificial ultraviolet radiation, or in 

direct sunlight, are being developed at NY Naval Material Laboratory. 
Fiberglass-pelyester laminates with physical properties comparable to those cured 

by conventional means have been produced “on a practical basis,” using benzoin, ben- 

zil and other sensitizers and catalysts. Furthermore, say N. Fried and J. Kaminetsky 

of NYNML, the compositions show a long pot life and a short gel period—both essen- 

tial requirements for layup of complex structures. 


Fire lubricates these bearings 


Bearings lubricated by a film of carbon, 
which is continuously deposited by an 
oxyacetylene or jet fuel flame, show fric- 
tion torque values comparable to grease- 
lubricated bearings at room tempera- 
ture, MRC R & D Laboratories report. 

These are unusual bearings, of course, 
with balls or rollers made of Stellite or 
Star J, rings of Rene 41, and cage and 
retainers of Inconel X, Hasteloy C or 
Ni-Resist. 

The ball bearings are designed with 
wide curvatures, large internal clear- 
ances, and high race shoulders, and 
there are special retainer configurations 
for the roller bearings. A. S. Irwin, 
MRC research director, says they oper- 000 F No LUBRICATION 
ate at high speed at temperatures in the 
1200-F range. The system may also 
prove useful for gears and seals. 


FLAME-LUBRICATED BEARING shows “ 10 See ots GREASE LUBRICATED BEARINGS 
little wear after 18,000 cycles of opera- | — £ rs 


tion. Chart at right points out reduction oe © © © © © © © 
in push-pull force. 0 2000 3000 aes S60 6000 7000 8000 
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Ceramic and cermets protect tantalum 
Following close on the heels of new protective systems for columbium (PE—May 15, 
p 6) comes news of substanital progress toward high-temperature protection of tantalum. 

A report prepared by W. D. Klopp, of Battelle Memorial Institute, for Defense Metals 
Information Center notes that silicide, aluminide, beryllide and chromium-zirconium 
cermet coatings are all giving good results in laboratory tests. The first three are service- 
able at 2500 F for periods of 6 to 10 hr at least; and the cermet coatings, applied by elec- 
trodeposition, provide short-term protection at temperatures as high as 3685 F. 

One interesting finding: the silicide coatings may be even more effective on tantalum 
alloys than on tantalum itself. Klopp says a silicide coating applied to an experimental 
tantalum-columbium-vanadium alloy showed little oxidation even after 8 hr at 2700 F. 

Work in this area is still in its early stages, but is being actively pursued by several 
organizations, as well as at Battelle. 


High-power lamps head for commercial use 
Xenon-filled incandescent bulbs and new short-arc mercury lamps are among the high- 
power light sources which are making their debut. 

The xenon bulbs, under development for the past several years (PE—July 18 ’60, 
p 57) have reached the point where commercial applications are now receiving serious 
consideration. These high-intensity lamps can deliver as much as 200 times the light 
output of conventional incandescent lamps. 

Under contract to the Army Corps of Engineers, Duro-Test Corp has built a xenon 
unit with a rated capacity of 8000 watts that creates a luminous area about 7 mm dia 
with “a brightness two or three times that of the sun.” Despite high cost of the lamp 
(the gas itself is expensive and the bulb is fused quartz), Army expects it to have 
“numerous commercial as well as military applications,” especially as a replacement for 
carbon arc units. 

The mercury lamp is specifically designed for photographic reproduction equipment. 
Its wattage can be controlled in measured steps from 140 to 400 watts, and it can be 
operated at 500 watts for short periods. Hanovia Lamp is making it. 


Transducer system for high-accuracy linear measurement 
A system that measures in 0.001-in. increments to an accuracy of 0.000,02 in. has been 
designed by Reilly Engineering Ltd, Surrey, England. 

It’s a combination of slip gages and an ac bridge. A number of steel cylinders, 
machined to slip-gage accuracy and insulated from each other, are threaded on a tierod 
and clamped together to form a solid bar. Over this bar, and insulated from it, slides an 
interpolating head (see diagram). 

When the bar is energized with ac, the voltage induced in the interpolator indicates 
its position on a null balance meter connected to the ac bridge circuit. 

Equal voltages are maintaincd between adjacent sections of the bar, and each segment 
is connected to a voltage-dividing transformer. The interpolator, positioned close to, 
but not touching the segments, acts as a variable capacitor and interpolates continuously 
between the voltage and the individual segments. 

Reilly says the unit has infinite range, is readily adjustable, and poses no zero-drift 
problem when making measurements. —ARG 
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Cylinders 
Insulating bushing 


TRANSDUCER is built up from a series of steel cylinders, ground, lapped, and bonded 
into a bar on which an interpolating head rides. 
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Wagner “Stand-up” motors pack plenty of power 


Here’s plenty of power for equipment requiring normal thrust vertically 

mounted motors. Wagner® Vertical Solid Shaft Motors provide power without 

problems for your pumps, mixers, agitators, axial fans, centrifuges, presses 
. . anywhere you need a vertical motor drive with plenty of stamina. 


Wagner Vertical Solid Shaft Motors are end-mounted, squirrel-cage type 
with a NEMA Type “P” base that is precision-machined to mate with equip- 
ment. Smooth running under cyclic loads, they won’t labor or stall... 


CIRCLE 10 ON READER SERVICE CARD 


conform with NEMA Design B motor 
requirements in all respects. Their cast 
iron construction is simple and rugged 
.. . Stands off corrosion .. . stands up to 
rough, tough treatment. Here are motors 
that are designed to give you economi- 
cal, maintenance-free service the year 
’round, indoors or out. 


Wagner “Stand-up” Motors are available 
in ratings of 1 hp and larger with nomi- 
nal full load speeds of 3500, 1750, 1160, 
or 870 rpm, and can be supplied with 
a completely dripproof enclosure, a 
standard totally enclosed fan-cooled 
enclosure, or an explosion- proof TEFC 
enclosure. Whatever the horsepower, 
whatever the enclosure, whatever the 
application, one thing is sure... these 
compact, power packages get the job 
done. For all the reasons why, check 
with the Wagner Sales Engineer in the 
Wagner branch nearest you, or write 
us for Bulletin MU-249. 


Branches and Distributors in ali Principal Cities 


Wasner Electric Corporation 


6406 PLYMOUTH AVENUE, ST. LOUIS 33, MO., U.S.A. 


Wagner Vertical Solid Shaft Motors provide 
the power for Smith & Loveless sewage pumping 
stations. 
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CRUSHABLE 


s 


Ceramics desirable for atomic energy applica 


tions. Meets purity requirements of 
AEC Spec. AEC-SR-101 (ORD) and 
KAPL Spec. O-KPM7-1. (Technical 
Data Sheets available on request.) 
AISiMag 730, alumina oxide, ex 
USE: These AlSiMag ceramics have a the holes in the ceramic and this tremely high purity 
high volume resistivity at elevated assembl is inserted in the metal 
: uiilin : f d . . SHAPES: These AlSiMag crushable 
temperatures. Excellent insulators for sheath and swaged. Swaging shrinks , ~ 
r° : ceramics can be made to individual 
such applications as metal sheathed the tube, crushes the ceramic which = , ade 10 indivicua 
P . ons specifications. Multiple hole tubing 
thermocouples, heaters, range units thus forms an accurately positioned, 


, ' ; , ; is most frequently used, normally in 
metal sheathed cable, etc. densely packed uniform insulation : ” egy ti Ri 


lengths of | to 4'’. Dimensiona 
METHOD: The ceramics are usually MATERIALS: AlSiMag 689 magnesia and technical data sheets on re 
supplied in short length, multiple high purity, high Te value. AlSiMag yuest. Send blue print or sketch 
hole, tubing. The thermocouple or 714 magnesia, extremely high pur performance requirements 
heater wires or rods are inserted in ity, electrically fused. Particularly special designs are needed 


=) AMERICAN LAV. 
Minnesota Mining and an | CHATTANOOGA 5. TENN. 
menvtacivons Comoary FO > RP OO R AT FO We L218 “ene worn 


For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local telephone 

directory): Boston: Newton Center, Mass. ® Chicago: Bedford Park, Ill. © Cleveland, Ohio © Dallas, Texas © Los Angeles, Cal. 

Bh tec ca 5 hry © Philadelphia, Pa. © St. Lovis,Mo. © St. Paul, Minn. © So. San Francisco, Cal. © Seattle, Wash. 
All other export: Minnesota Mining & Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 
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Fabric hood permits safer escape from subs 


To be adopted soon is a new method for emergency escapes from damaged sub- 
marines. As developed by Navy Lt Harris E Steinke, it’s an air-entrapping fabric 
hood with a plastic viewing window and a pair of relief valves that feed fresh air 
into the hood from an inflated life jacket. 

The Steinke hood allows a person to breathe normally while making rapid 
ascents from 450 ft and deeper in about 75 sec. Right now, submariners can 
escape from similar depths, but must continuously exhale as they ascend—so that 
the expanding air pressure won’t rupture their lungs. 

Sailors sometimes “freeze” and fail to exhale in ascent. The new Steinke hood 
overcomes this psychological barrier by allowing them to breathe normally. Com 
pressed air feeding into the hood from the life jacket keeps water from entering 
the hood. Another advantage of the Steinke hood is that it allows unconscious 
and injured personnel to be evacuated safely. 


Government will publish more military technical reports 


An increased number of research reports will come out of government next year. 
The Office of Technical Services (OTS) and Armed Services Technical Agency 
(ASTIA) have worked out a system by which 15,000 to 20,000 unclassified technical 
reports resulting from military contracts will be made public. ASTIA now catalogs 
these reports along with another 10,000 classified studies for the Defense Depart- 
ment and its contractors. Henceforth, the unclassified portion will be listed in 
a special section of the OTS publication, US Government Research Reports. This 
publication will continue to list about 6000 nonmilitary reports annually. Starting 
in July, it will be published twice a month instead of once. 


Army taps two manufacturers for helicopter designs 


Army is following the Air Force-Navy course on selection of sources of new 
equipment. It has picked two firms—from 19 design proposals received—to build 
prototypes of a new lightweight observation helicopter. Bell Helicopter and 
Hiller Aircraft will each produce seven test models of their respective designs, 
the D-250 and the Model 1100. In the past, Army’s policy has been to select 
just one company in design competition for major new equipment. 

The new copter will be a single-rotor, 4-place machine powered by GM-Allison’s 
T-63 gas turbine engine, designed to carry a 400-Ib payload at a speed of 110 knots. 
Prototypes for testing will be delivered over the next 15 months. One production 
design will then be approved. Unit production cost is estimated at about $35,000. 
The production run is planned at roughly 3500 aircraft, with deliveries anticipated 
from 1965 to 1970. 


/utomation is headed for ship’s bridge 


More automation for the operation of merchant ships is being sought by the 
Maritime Administration. A new research contract will be let soon to Sperry- 
Piedmont Div, Sperry-Rand Corp, to build the prototype of a bridge eontrol- 
systems console. The project is expected to take about 18 months to complete. 

Its purpose is to simplify the operating of merchant ships by providing deck 
officers with continuous information on such things as the ship’s position, effects 
of weather and sea on the ship, communications within the ship and with other 
ships, and stability of the vessel. 
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on the tough jobs. . 


Madison-Kipp zinc and aluminum die castings 


and produce—in quantity. All, however, have one thing 


These five castings assembled in the order that you see 
them are engineered for a radial arm saw. Intricate in 
design, they must match perfectly and that means ex- 
tremely close tolerances. Mass production demands a 
minimum of secondary operations. 

This is just one example of the wide range of cast- 
ings that Madison-Kipp is called upon to engineer 


in common—the need of a dependable source with 
years of seasoned experience in producing die castings. 

We have a 24-page book showing some of the die 
casting problems we have solved, and containing in- 
formation on other Madison-Kipp products. A copy 
is yours for the asking. Write for one. 


MADISON-KIPP CORPORATION 


206 Waubesa Street + Madison 10, Wisconsin, U.S.A. 


Skilled in Die Casting Mechanics + Experienced in Lubrication Engineering + Originators of Really High-Speed Air Tools 
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EW DESIGN HORIZONS 


for your product 


SAVE SPACE—SAVE WEIGHT... OFFER POSITIVE BACKLASH CONTROL 


Spiroid Gears extend the horizon of 
mechanical frontiers, offer new product 
design opportunities for increased per- 
formance standards. Comparatively 
smaller, stronger and more efficient, 
Spiroid Gears provide an entirely new 
relationship between power transmission 


and gear size. You get more power from 
less space, more profit from your product. 
Spiroid Gears can be produced in standard 
gear materials in any size and in ratios 
from 9:1 to 300:1. They are cut on con- 
ventional equipment, or can be molded, 
die-cast or sintered. 


SPIROID GEARS 


SPIROID DIVISION OF 


ILLINOIS TOOL WORKS 


2501 N. Keeler Avenue, Chicago 339, Illinois 
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vw HELICON Gears | 
iy ’ | 


iL 


Send for your free file, 
““Low Cost design begins 
with Spiroid’s family of 
modern gears.’ Booklets 
on Planoid® and Heli- 
con® gears will be in- 
cluded. 


sit 
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Canadians Plan Science Village to Speed Applied R & D 


Torontro—Within a year, industry 
and government here plan to begin 
work on Canada’s first “science vil- 
lage.” ‘The proposed applied-research 
community, a project of the Ontario 
Research Foundation, will be located 
near Toronto. 

Dr A. D. Misener, foundation di 
rector, says about 200 acres of land 
will be required. The idea is to 
bring together Canadian researchers 
in a campus-like setting to create a 
social and intellectual community built 
around research. Large companies are 
expected to join the foundation in 
building labs on the site. (For a 
similar project in the US, see PE 
Mar 21 ’60, p 15.) 

The Canadian scientist adds that 
it has become apparent that, to serve 
the best interests of the foundation, 
the province and the nation, a long- 
range research expansion project is 
necessary. “Industrialists, economists 
and investors everywhere agree that 
Canada is on the brink of a great in- 
dustrial expansion, yet our technical 
resources are inadequate and we have 
been losing some of our best scientific 
manpower to the US.” 

The foundation, largest privately 
operated research organization in Can- 
ada, employs a staff of about 180 and 
is engaged in approximately 100 re- 
search and technical advisory projects 
Created by the Ontario legislature in 
1928 to provide facilities for scientific 
research, the foundation has until now 
concentrated on such fields as chem- 
istry, physics, metallurgy and ore dress- 
ing. 

The proposed expansion of staff 
and equipment will permit extensive 
work in such fields as product engi 
neering, electronics, manufacturing 
engineering, technical-market analysis 
and engineering economics. 

The foundation receives about 65% 
of its funds from private 
15% from its endowment and the 
remainder from the Ontario and fed- 
eral governments. While most funds 
to finance the proposed expansion will 
come from industry and government, 
some will come from broadening the 
foundation’s services. 

“Many large research foundations 


industry, 
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in the US have been able to grow be- 
cause of the cash flow generated by 
high-volume operation and the conse- 
quent rapid amortization of equip- 
ment,” Misener says. ““The provision 
of additional technical services would 
both enhance the foundation’s volume 
and help keep Canadian money in 
Canada.” 

One of the foundation’s principal 
aims is to provide greater research serv- 
ices for smaller and medium-size in- 
dustries. The foundation believes this 
can only be accomplished by making 
available to them the services of a 
widely diversified group of good scien- 
tists with immediate access to a wide 
range of specialized scientific equip 
ment. 

“Such a group could be mainta 
if major projects were und 
large companies in the US a 


rope,” Misener believes. 1 


Molecular Sieves Now Formed 


The “moleculat 
a drying agent p1 


in core form to serve also as a mechar 
a cartridge (shown above) for closed 


xtuced by Union Car 


‘al filter. 


gument that working for foreign com- 
panies would help Canadian competi- 
tors, he counters, “A Canadian 
scientist is not available to Canadian 
industry if he is working in a lab in 
Chicago or Pittsburgh. But if he was 
working on a US project at the On- 
tario Research Foundation, that scien- 
tist would still be available to Ca- 
nadian industry. Besides, he would 
be improving the Canadian-US trade 
deficit by bringing US money into 
Canada.” 
Canadian 
academic and applied has lagged 
behind that of the US. Total R & D 
in Canada is estimated at $200 million 
a veal his resents about 4 of 
( " 


research government, 


la 


fine-powder material, 
le DD has become available 
It was developed for use in 


refrigeration systems. The cores are 


intended for applications where either a liquid or gas stream needs to be dried. 
The cores shown—two of the nine sizes and shapes already developed—can be 


regenerated with heat at temperatures of about 400 to 600 F. 


Used in the 


cartridge marketed by the Kenmore Machine Products Co, the unit replaces 


the bead form of sieve previously used. 
handling and replacement is simplified, 
4, 5 and 10 Angstroms that function as selective absorbents. 


Cost is reported about equal, but 


The sieve powder has pore openings of 


Mixed with 


binder, they can be produced as beads, pellets, or as the new cores. 
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an estimated $20 million a year on 
R & D in the US. 

Specific plans about the nature of 
the work the expanded foundation and 
associated private-industry research 
labs will engage in have not been 
revealed. But composition of the 10- 
man committee that investigated pos- 
sibilities of establishing the “science 
village” indicates areas the foundation 
has in mind. Participants were: Dun- 
lop Research Centre; Canadian Bech- 
tel Ltd; International Nickel Co of 
Canada; Steep Rock Iron Mines Ltd; 
Dow Chemical Co of Canada; Do- 
minion Foundries and Steel Ltd; Ca- 
nadian Railways Ltd; Polyfiber Ltd 
and Ontario Research Foundation. 

By locating the research community 
near Toronto, the foundation will be 
near the center of Ontario’s industrial 
complex and close to facilities of the 
Univ of Toronto, largest university in 
the British Commonwealth. 

The foundation will be able to draw 
upon the experience of and serve such 
major industrial groupings as the auto 
industry (Ford in Oakville, 20 mi west 
of Toronto; General Motors in Osh- 
awa, 30 mi east of Toronto; American 
Motors in Brampton, 15 mi north- 
west of Toronto), aviation (Arvo Air- 
craft and deHavilland in Weston, a 
Toronto suburb), steel (Steel Co of 
Canada and Dominion Foundries and 
Steel, both in Hamilton, 40 mi west 
of Toronto), as well as a variety of 
smaller secondary manufacturing com- 
panies. 

—R M Baiden, Toronto Bureau 


Big Mine Will Offer 
Synthetic Diamonds Too 


Lonvon — DeBeers Consolidated 
Mines Ltd has announced formation 
of a new subsidiary for manufacturing 
synthetic diamonds on a commercial 
scale. To be known as Ultra High 
Pressure Units Ltd, it will start produc- 
ing early in the second half of this 
year at a factory now nearing comple- 
tion outside Johannesburg, South 
Africa. 

The plant will make abrasive dia- 
mond grit, for grinding wheels, similar 
to the grit now made by General Elec- 
tric. The decision to go into synthetics 
was chiefly insurance against possible 
interruption of natural bort supplies 
from the Congo. De Beers believes 
the abrasives market can be expanded 
to include both products. . 
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Radio Commercials Sell Auto Materials— 


But Not to Designers 


Detroir—Auto engineers here are 
weary with being bombarded by adver- 
tising messages from suppliers of ma- 
terials. It goes on from the moment 
their clock radios click in the morning 
until they park the car in the driveway 
at night. Only relief is the sanctity 
of the office and outside that, of 
course, lurks the supplier—in person. 

This advertising approach focuses 
on the consumer and attempts to stim- 
ulate preference for certain materials 
in autos. Some of the ads border on 
bad taste, in the opinion of many; 
they cite, in particular, the latest radio 
series sponsored by Great Lakes Steel. 
A typical script starts out with the 
announcer rhyming: “In the bumper 
to bumper brigade . . . where the dents 
and gouges are made . . . should the 
light metal smack a steel bumper in 
back . . . her make-up gets smeared, 
I’m afraid.” 


The script continues with an inter- 
play between an aluminum bumper 
(whining female voice) and a steel 
bumper (virile male voice) in which 
the aluminum bumper is scorned for 
trying to “make like a big strong 
bumper”; is told she’d “fold up like 
a venetian blind if she bumped into 
a bale of hay”; is told she’d be happier 
“melted down, rolled out and wrapped 
around some leftovers”, and taunted 
for having her mirror-finish luster 
ruined on a steel bumper. In her final 
defense the aluminum bumper whines, 
“vou old Meanie!” and the commercial 
fades, usually accompanied by a 
chuckle from the announcer. 

As a matter of record Reynolds 
Metals Co started the whole affair 
with its “Rusty and Salty’”’ commer- 
These two pin-headed little 
characters with raucus taped voices 
implied that steel would wilt like a 


cials. 





New Air Bearing Concept Is Said to Widen Potential Applications 


An externally pressurized step bearing, operable at temperatures from —330 
to 600 F, is shown here at work after nitrogen in its air has changed from gas 
to liquid. Developed by Boeing’s Aerospace Div, the bearings admit pressurized 
air through a single opening in the shaft housing (most externally pressurized 


bearings admit air through several tiny orifices). 


This air is trapped in a 


shallow recess machined on the shaft where it then acts as bearing lubricant. 
The recess traps only enough air to meet load requirements—air flow is 
throttled as it escapes from the recess, rather than at the inlet as customary 
with orifice types. Boeing has operated step bearings with shafts ranging from 
% to 5 in. dia at speeds up to 100,000 rpm. They are expected to find applications 
in machine tools, high-speed turbines, nuclear equipment and paper- and food- 


processing equipment, 
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geranium in winter when exposed to 
the salts commonly sprayed on streets. 
In rebuttal, Great Lakes Steel, at a 
press conference, stuck one of its steel 
bumpers and an aluminum counter- 
part in a salt bath during the lunch 
hour. The aluminum clearly came out 
the loser when the session was over. 

At the same press conference, Great 
Lakes had a sharpshooter from the 
Detroit Police Department fire over 
the heads of the startled audience at 
both bumpers. The aluminum was 
visibly pockmarked after this un- 
deniably impartial demonstration, 
whereas the bumper made by Great 
Lakes Stecl was unaffected. Great 
Lakes sells 80% of its output to the 
auto industry, 17% of which is for 
bumpers. 

Reynolds Metals isn’t worried; it 
views the current campaign as free 
advertising. “If the steel companies 
knock us, they’re arousing public curi- 
osity,” a company source says. “‘As 
long as they pronounce aluminum 
correctly, we’re happy.” Reynolds con- 
siders bumpers are ornamentation not 
needing the strength of steel, and has 
made no special effort to combat the 
steel companies’ corrosion-resistance 
challenge. It’s resting on aluminum’s 
reputation. 

The steel-aluminum controversy is 
not the only one focused on the auto 
market. A current Tyrex billboard 
shows a man being subjected to at 
least 11 g’s when he starts off in his 
nylon-tired car. As one viewer puts 
it, “the gruesomeness is enough to 
make the most strong-willed citizen 
pull over to the side of the road and 
call a taxi.” The idea is to emphasize 
“morning sickness” or flat-spotting of 
nylon tires. 


LAMINATE VS TEMPERED GLASS 


A few years ago, controversy flared 
between laminated and tempered 
safety glass that resulted in a million- 
dollar advertising campaign by the 
chemical companies who make lam- 
inates. Gist of the campaign was that 
looking through tempered glass would 
ruin eyes. 

How much effect do such efforts to 
influence choice of steel or aluminum 
—or no bumper at all—through an 
appeal to the parochial public have 
on the ultimate choice? By and large, 
the opinion in the auto companies is 
that these promotion programs are 
a waste of money. 
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A General Motors engineer says: 
“I’m sure there are new materials 
ideally suited to automotive uses that 
I've never heard of but I’m afraid if 
they were brought to my attention the 
way Great Lakes Steel is advertising, I 
would not pay any attention to them.” 

\ top engineer at Chrysler: “I 
listen to CBE (a highbrow Canadian 
station with none of this type of ad- 
vertising) on purpose.” 

Another top Chrysler engineer: “My 
nontechnical bosses hear these damned 
ads and come to me asking what gives. 
It means I have to sit down, waste my 
time, and write detailed reports on 
what we in the lab have long ago 
decided was no good.” 

And Vic Raviolo of Ford com- 
ments: “I don’t think there will ever 
be a material that is going to be 
adopted because of pressure put on 
anybody. It must either perform a 
function better, offer a better value 
to our customers, reduce cost, or in 
some way increase the utility of the 
product and its merchandising possi- 
bilities.” 

And Dow Chemical’s auto sales 
specialist, E. J. Quackenbush says, “I 
don’t think my company would ever 
embarrass me by resorting to that kind 
of advertising.” 

But Great Lakes admits the anti 
aluminum campaign did have effect. 
President Wilfred D. MacDonnell 
told a press conference recently that 
as a result of several years of uncon 
tested, free-swinging aluminum com- 
mercials beamed at the Detroit-Flint- 
Lansing auto-making area, “a signifi- 
cant number of people think that the 
aluminum bumper is already an ac 
complished fact on American-made 
automobiles. And, of course, the 
truth is no US car manufacturer has 
made such a shift. Secondly, we found 
that many people think this non- 
existent aluminum bumper is superior 
to a steel] bumper, and less costly.” 

Now, as MacDonnell puts it, “We 
ire taking off our gloves too.” Some 
of his sympathizers think it is about 
time. 

President M. A. Cudlip of Mc- 
Louth Steel, while not yet com- 
mitting his money, is standing on the 
sidelines cheering Great Lakes on. “I 
think we steel people are waking up 
to the challenge posed by aluminum,” 
he says. 

—Don MacDonald, 
Detroit News Bureau 


California Eyes Salt Water 
Converters As Costs Drop 


SACRAMENTO — Costs of desalinating 
sea water still vary widely, a California 
State Senate fact-finding committee 
has found in hearings here. Figures 
presented to the committee ranged 
from $33 to about $326 per acre foot. 
But costs are assuredly dropping. At 
hearings 9 years ago, the cheapest avail- 
able conversion process produced water 
at $800 per acre foot. 

A much firmer cost picture is ex- 
pected soon. Specialists told the com- 
mittee that in the next two years man- 
ufacturers will be putting deminerali- 
zation plants on the assembly line. 

These have been the “most com- 
prehensive and up-to-date” hearings 
ever held in the US. The committee 
heard witnesses including R. L. Coit, 
heat-transfer apparatus engineering 
section of Westinghouse Electric; Gor- 
don Anderson, executive vice-pres of 
Fairbanks, Morse; R. K. Fairley, gen- 
eral engineering lab, General Electric; 

continued on page 20 





Water Converter For 
Ocean-going Vessels 


Salty, brackish or polluted water can 
be converted to pure in GE’s thin-film 
evaporator soon to undergo tests by 
the Navy for surface and subsurface 
craft. Water is “wiped” into a very 
thin film by blades on the inside of the 
50-in.-long heat-transfer tubes. Heat 
from condensing steam on the outside 
fluted surface of the tubes causes the 
inside film of feed water to evaporate. 
This vapor is then condensed into pure 
water—42 lb of fresh water can be 
obtained from each 100 lb of sea water. 
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Get stainless today from these 
steel service centers: 


\ 

\. New steels are 
born at / 
Anco / 


/ 


/ 
A) Sheets, Strip and Plates (B) Bars and Wire 


AMERICAN STEEL & ALUMINUM CORP. (AB) 
Hartford, Conn 


AMERICAN STEEL & ALUMINUM CORP. OF MASS. (AB) 
Cambridge, Mass 


BROWN-WALES COMPANY (AB) 
Cambridge, Mass.— Auburn, Maine 
Worcester, Mass 


CENTRAL STEEL & WIRE COMPANY 
Chicago, til. — Cincinnati Detroit — Milwaukee 


CHICAGO STEEL SERVICE COMPANY 
Chicago, Ill. 


CLEVELAND TOOL & SUPPLY COMPANY 
Cleveland, Ohio 


THE CONGDON AND CARPENTER COMPANY 
Providence, R. 1. —Fall River, Mass. 


C. A. CROSTA, INC. 
Denver, Colo 


DUCOMMUN METALS & SUPPLY COMPANY 
Los Angeles, Calif. — Berkeley — Phoenix 
San Diego — Seattle 


EDGCOMB STEEL & ALUMINUM CORP. 
Hillside, N. J 


EDGCOMB STEEL COMPANY 5 ® . 
Philadelphia, Pa. Charlotte, N. C.— 
Greensboro, N. C.—York, Pa 
ESCO CORPORATION 
Portiand, Oregon Denver —Emeryville, Calif 
Eugene, Oregon — Honolulu —Los Angeles ms a 
wehbe on special Armco Stainless 
PETER A. FRASSE & COMPANY, INC. ) 
New York, N. Y. — Buffalo — Hartford 
Lyndhurst, N Philadelphia — Syracuse 


FIRTH BROWN STEELS LTD. 
Montreal, P. @.— Toronto 


GATE CITY STEEL, INC. — OMAHA 


Omaha, Net 


INDUSTRIAL STAINLESS STEELS, INC. 
Cambridge, Mass.— Buffalo, N. Y 


EARLE M. JORGENSEN COMPANY AB 
Los Angeles, Calif. _Dallas—Denver—Honolulu 
Houston -Oakland—Phoenix—Seattie—Tulsa— Wichita 


MAPES & SPROWL STEEL COMPANY (AB 
Union, N. J 


METAL GOODS CORPORATION AB 
St. Louis, Mo. -Dallas—Denver—Houston 
Memphi New Orleans—N. Kansas City, 
Mo Tulsa Wichita 


MONCRIEF-LENOIR MFG. COMPANY 


Houston, Texas — Dallas — Harlingen 
Lubbock an Antonio — Temple 


MORRISON STEEL COMPANY 


New Brunswick, N. J 


THE ORLEANS STEEL PRODUCTS COMPANY, INC. 


ew Orleans, La 


WILLIAM M. ORR COMPANY, INC. 
Pittsburgh, Pa 


1 


PAPER-CALMENSON & COMPANY 
St. F 


aul, Minn 


RICHARDS & CONOVER STEEL & SUPPLY COMPANY 
Kansas City, Mo 


SEABOARD STEEL & IRON CORP. 


altimore, Md 


SENECA STEEL SERVICE, INC. 
Buffalo, N. Y 


SOUTHER STEEL & ALUMINUM COMPANY 


St. Louis, Mc 


J. M. TULL METAL & SUPPLY CO., INC 
Atianta, Ga.—Birmingham—Greenvilie, S. C 
Jacksonville—Miami—Tampa 


VIKING STEEL COMPANY 
Cleveland, Ohio 


VORYS BROTHERS, INC. 
Columbus, Ohio 


YORK CORRUGATING COMPANY 
York, Pa.—Washington, D. C. 
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Use this label to identify 
» modern, durable stainless 
steels in your products 


Armco Division, Armco Steel Corporation 
2521 Curtis Street, Middletown, Ohio 


PLEASE SEND MORE DATA ON 


_] Armco Stainless Steels 

(_] Bright Annealed Stainless Strip 

(] Precipitation Hardening Stainless Steels 
} Controlled Hardness 410 and 416 Stainless 


STREET 


Bright annealed strip . . . precipitation-hardening stainless . . . close- 
tolerance sheets . . . controlled hardness bars . . . these are just a 
few of the special weapons now available in Armco’s growing “arsenal” 
of stainless steels to help you fight costs and competition. 

Major advantages of these special steels are featured here. Mail the 
coupon or call your nearest Armco Sales Office or Armco Stainless 
Steel Distributor for details about these or other Armco Stainless Steels 


[A] When your tolerances require eyelash-accuracy, Armco’s powerful new 50-inch Send- 
zimir mill is called into action. With the precision of a fine watch, this ultra-modern 
mill rolls wide stainless steel sheets and coils to close tolerance specifications 


B! Since 1955, Armco has supplied automotive trim fabricators with bright annealed 
stainless steel strip—the first produced in the industry. This fine, decorative finish 
is available in 12 Armco Stainless grades in widths to 22 inches 


iC) Armco Precipitation Hardening Stainless Steels are kicking the props from under 
costs even when they replace alloy steels. The coupling pictured, for example, formerly 
was made of SAE 4140 steel. Now it’s produced from Armco 17-4 PH Stainless bars, 
with resulting production economies that add up to a 52% cost reduction. 


{D} Machining headaches caused by hardness variations in Types 410 and 416 stainless 
can be quickly cured by ordering these grades from Armco to a “Controlled Hardness” 
range. By a special process, Armco tightens controls on hardness ranges between 
Rockwell C26 and C38 to produce consistency of hardness superior to standard hardened 
and tempered 410 and 416 


¢ ? che 
ARMCOQ Armco Division 
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William Katz, vice-president of Ionics 
Inc; W. R. Hainsworth, technical ad- 
visor and former vice-president in 
charge of research, Fluor Corp; and 
Gerald Hassler, Narmco Industries. 
Fairley told the committee that 
“combined electric and water plant 
appears the most promising possibility. 
This combination not only provides a 
source of low-cost energy for the water- 
conversion process but shows other 
trade-off possibilities. ‘Today’s modern 
electrical generating station requires 
large quantities of water, pumps, pip- 
ing, condensers and other things 
which, when properly integrated into 
a combined system, show promise of 
making another major step toward re- 
ducing the cost of converting sea 
water.’”. GE has put more than $1 
million into desalting research. 
Anderson told the committee he 
envisions birth of a new industry 


from sea water conversion. ““I‘he need 
created by the imminent water short- 
age in major areas of the US,” he 
noted, “is equalled, if not exceeded 
by the tremendous opportunity for de- 
veloping arid and semiarid areas of 
the earth, starting with the southern 
coast of Israel where our first plant 
will be erected this year and be oper- 
ative in 1962.” 

The committee decided that there 
are many advantages of locally based 
conversion plants over costly transmis- 
sion systems to bring water from far- 
off sources of supply. (California now 
plans to spend nearly $2 billion in 
the next 30 years on a canal system to 
carry water from water basins in the 
north to arid coastal and southern por 
tions of the state.) Advantages include 
control over quality, reliabilitv of sup- 
ply and decrease in costs. 

—Tom Arden, Sacramento 


Rocket Turns Nuisance Wave into Increased Thrust 


Ann Arsor—Here’s another way to 
get more thrust from a rocket engine. 
The engine detonation 
shockwave to compress a mixture of 
fuel and oxidizer beyond the ignition 
point. In this way, in the theoretical 
design by Gary Cosens, a doctoral stu- 
dent at the Univ of Michigan, the 
detonation wave increases the heat 


controls a 


7o start engine fuel 
and oxidizer are mixed 





and rate at which rocket fuels burn, 
thereby providing more thrust for a 
given size chamber. Normally, these 
waves are a plague to rocket designers. 
When they occur randomly, their in- 
tense heat can cause severe damage. 

In the combustion process (remin- 
iscent of a diesel but without moving 
parts), fuel and oxidizer are ignited 


Fuel and oxidizer streams 
converge in combustion chamber 


FUEL AND OXIDIZER for the rotating detonation engine are mixed and spark- 
ignited to start engine. Once started, fuel and oxidizer converge in combustion 
chamber and travel a circular path at about the speed of sound. The compres- 
sion front of the detonation wave compresses the mixture of fuel and oxidizer 


beyond the point where ignition occurs. 


20 


Gangway Propells Itself 


This prototype of a_ self-propelled 
gangway is now being tested at Ham- 
burg (Germany) Airport for shuttling 
Lufthansa passengers between their 
planes and the terminal. Powered by 
a standard Volkswagen engine, and 
mounted on a 4-wheel chassis, the unit 
has a mechanism for raising and 
lowering the top end of the gangway 
to bring it in line with the cabin door. 


in a detonation tube. The resulting 
detonation wave travels around the 
circular combustion chamber, and on 
its rounds ignites the new fuel and 
oxidizer poured into the chamber just 
behind it. ‘Temperature of the shock 
wave is about 4500 F and is said to 
provide something over 100 times the 
burning rate of standard engines. 

Mheoretically, the design could re 
sult in an engine 6-ft dia, capable of 
delivering 14 million-lb thrust. For 
comparison, such a rotating detonation 
engine, with the same power as the 
300,000-lb-thrust Atlas, would be 4 
its size. 

Besides being compact, the engine 
is expected to require relatively short 
development time compared with the 
standard engines a factor which 
should considerably reduce cost. A 
small model of the engine has run 
for periods of less than a second. 

Guidance for this engine is ex- 
pected to be relatively simple. Stand- 
ard engines are mounted in gimbals 
that swivel to change direction. With 
the rotating detonation engine, it is 
believed guidance can be achieved by 
differentially varying pressure—that is, 
making the engine push harder on one 
side than the other. 

But, admittedly, many problems re- 
main. The most critical is to prevent 
overheating. 


—Felix Giordano, Regional Editor 
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Airborne liquid oxygen tank is loaded aboard a U.S. Air Force Douglas C-133 for flyaway delivery to 
Vandenberg Air Force Base, California, to become part of the ground support system for the Thor missile. 


How they air mail power for the Thor 


The Air Force Thor missile, poised and 
ready to keep the Free World safe, feeds 
on super-cold liquid oxygen (LOX) for 
its powerful thrust. This precious fuel 
must be shipped safely to bases at home 
and abroad absolutely free from con- 
tamination. 


Selecting the material to package huge 
amounts of this LOX at —297° F was 
the task of the Cambridge Division of 
Standard Steel Corporation. Such tem- 
peratures embrittle some conventional 
metals, making them shatter like glass. 


Nickel stainless steel was the answer 
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for the inner shell of the 50-foot long 
vacuum-jacketed tank they designed 
the world’s largest “Fly Away” vessel. 
With nickel in it, stainless steel stays 
tough even down to —454° F. 


The corrosion resistance of nickel 
stainless steel is vital to safeguard the 
purity of the LOX. Corrosion could 
cause flaking, and just a trace of it could 
put a Thor out of operation. But the 
LOX, kept 99.995% pure in nickel 
stainless steel, is transferred directly to 
the missile itself. 


Nickel stainless and other nickel steels 


are often the most economical —and the 
safest—alloys to use in handling lique- 
fied gases. Their weldability cuts fabri- 
cation expense and their ductility and 
strength means they can be used in 
lighter, cost-saving forms and shapes. 


For all the facts on steels for low tem- 
perature service, write for your copy of 
the booklet, Steels for the Containment 
of Liquefied Gas Cargoes. It’s yours for 
the asking. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street IxCO New York 5, N. Y. 
Gueneee? 


INCO NICKEL 


MAKES STAINLESS STEEL PERFORM BETTER LONGER 





Design MICRO SWITCH Reliability Into Your Equipment! 








Direct Logic Input Switch gener- Modular Lighted Push-But- 
ates single square wave output ton Switches offer custom- 
pulse in synchronism with an ized combinations of eight 
external clock pulse with each different basic switches and 
operation. Saves engineering time ’ dozens of red display 
needed to develop flip-flop and screens. Smart styling and 
gating networks for synchronizing enough flexibility fit your 
one-shot circuits. Variations avail- control pane esign exactly. 
able to fit a wide variety of clock They simply snap gether 
pulse rise times, voltages and fre- and then snap if ur panel 
quencies and d-c supply voltages. all withou ls. Display 
Write for Data Sheet 172. screens C: é raved. 
Write for colorful Catalog 6 





Decimal-to-Binary Switch Space-saving 
answer for computer control panels. Wir- 
ing requires fewer connections than 
water-type rotary Snap-action gold con- 
tact, switchin ments are enclosed and 
tamper-proot. Requires only 1.3 square 
inches of mounting surface on control 
panel. A erating positions are de- 
tented the operator p sitive feel of 
the switching action. For MICRO SWITCH 


Door Interlock Switches Used on hazardous 
reliability write for Data Sheet 170. 


equipment cabinets to cut off power when serv- 
ice door is opened. Complete line is available in- 
cluding high-temperature, environment-free and 
subminiature models. , itch model con- 
trols two circuits simultaneou Special design 
of brackets eliminates dangers of “tying down” 
that could occur with conventional type inter- 
locks. Write for Data Sheet 186. 
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'H | micro switcH Precision Switches 


HONEYWE 


In electronic equipment... 


SWITCH 
RELIABILITY 
SAFEGUARDS YOUR 
PRODUCT’S REPUTATION 


If you manufacture electronic equipment, remember that the 
success of your product often depends on a switch. The design 
of switches for complex electronic applications is a specialty. 
By specifying MICRO SWITCH Precision Switches you can 
open new possibilities for automatic control. You can also be 
sure of precision and reliability that is thoroughly tested in 
the industry’s most complete test laboratory for small and 
subminiature switches. Find out about the important new 
switch ideas being added to the MICRO SWITCH line, every 


one with MICRO SWITCH reliability. 


MICRO SWITCH FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Honeywell 


mu | MICRO SWITCH Precision Switches 


HONEYWELL INTERNATIONAL 

Sales and service offices all principal cities of the 
world. Manufacturir United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan 
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THE QUESTION: 


What New Plastics Would You Like to See Developed? 


“Key property requirements... 
for most industrial and 
applica 
tions of plastics demand 
that the materials used 
shall have reasonable ten- 
sile strength, relatively 
high modulus of elasticity, 
and good impact resistance 
under the anticipated en- 


consumer-goods 


vironmental conditions 

and forces. Satisfactory ma 

terials must also be readily 

processed and, most im 

portant, must be low in 

cost. Consequently, any 

future materials developed, if aimed at any of these key 
areas, are bound to be welcomed by all branches of the 
plastics industry. 

“There is, however, no single new materials development 
which is likely to revolutionize the present plastics indus- 
try—at least, one that is in the realm of practicality. Rather, 
different segments of the industry may well have di- 
ametrically opposite desires concerning the most valuable 
physical and electrical properties that newly developed 
materials should exhibit. 

“The need for fire retardancy however, is being felt 
strongly in most industrial and consumer goods applications 
and most particularly in the building industry. There seems 
every likelihood that greater emphasis will be placed upon 
this requirement. In addition to the desirability of mate- 
rials having improved properties or reduced cost, continued 
growth of the plastics industry will be assured if increased 
emphasis is placed upon the end-use fabrication ease of 
present and future material systems. The interdependence 
of materials and process has long been known, but all too 
often been ignored. I would like to stress heavily the need 
not only for improved processability in materials but for 
new materials handling, forming and conversion tech- 
niques. 

—T J JORDAN, manager 


Plastic Process Development 
General Electric Co 


“| will state categorically ... 

that the biggest deterrent 

to a greater use of plastics 

in the manufacturing of 

computer systems, is not 

the materials, but the lack 

of accurate engineering in- 

formation regarding the 

properties of these mate 

rials. If the manufacturers 

of materials would make a 

determined effort to pro 

vide this information, the 

design engineer could then 

apply sound engineering 

and scientific principles 

when designing components to be made from plastics, as 
opposed to the ‘if this doesn’t work, try something else’ 
approach. The most important asset in any precision 
equipment is service reliability. If plastics are to be a major 
contributor, this engineering information must be made 
available to the end-user, so that reliability can be designed 
into the product. 

“To keep apace of the technological advances being used 
in the design and manufacture of new computer systems, 
new plastics materials, thermoplastics or thermosetting, 
should be in constant development, out of which would 
come materials that could meet the following requirements: 

e Self-extinguishing or flame-retardant, with a minimum 
of sacrifice of other properties. 

e Dimensional stability under a wide range of atmos- 
pheric conditions. 

e Retention and uniformity of inherent properties dur- 
ing manufacturing processes. 

e Maximum resistance to wear under high speeds and 
frictional heats. 

e Electrically conductive thin films and coatings. 

“If existing materials are improved and new materials 
are developed that will satisfy the engineering requirements 
dictated by higher speeds, miniaturization, automatic manu- 
facturing and assembly, and rigid quality control inspection, 
then the deterrent to greater use of plastics materials in 


: : . ” 
this business will have been removed. 

—FRANK W REYNOLDS, manager 

Plastics and Nonmetallics 


Materials Engineering Laboratory 
IBM, Endicott, NY 
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“In rockets and aircraft .. . 

the use of structural plas- 

tics offers many oppor- 

tunities for the develop- 

ment of new and better 

resins. The list is intermi- 

nable. However, a few key 

needs may be cited. Glass 

fibers and other high- 

strength _ reinforcements, 

for example, are very ten- 

der and susceptible to 

damage during tensioning 

and packing in the fila- 

lament-winding _ process, 

even though wet with 

resin. We need a laminating resin with exceptional lub- 
ricating properties so that the fibers may be pulled or 
pressed tightly together without damaging each other. 

“Glass fibers are now being made stronger than ever 
before. In crossed arrays of fibers, as in a filament-wound 
rocket casing or fuel tank, the higher economical stresses 
that can now be applied result in more elongation of the 
fibers and in an increase in the area of the gaps which 
develop between crossed fibers as the casing is stretched 
in two directions simultaneously. Doubling the stress quad- 
tuples the area in the gaps. We need a resin which, when 
cured, is capable of undergoing a large amount of triaxial 
extension without splitting. However, we also require that 
the cases be stiff in bending. Therefore we need a resin 
with a low bulk modulus in bulk form, as in the gaps be- 
tween the strands, but which has a high shear modulus and 
is exceptionally strong in thin films, as at the areas of con- 
tact of the strands. Perhaps this apparent dilemma may be 
solved by clever orientation of the polymer molecules. 

“The use of plastics as sacrificial coatings to protect 
structures from overheating offers additional opportunities 
for the development of new and better resins. For example, 
aluminum and reinforced-plastics structures should be kept 
cool for best structural efficiency. We need thin sacrificial 
coatings, for use at supersonic speeds and at moderate skin 
temperatures, which are lightweight and will protect these 
structures from overheating due to air friction by ab- 
sorbing and dissipating vast quantities of heat. The coat- 
ing should perform for extended periods while clinging 
smoothly to the surface. 

“At hypersonic speeds the temperatures become so high 
that any known material will soon melt or sublime away. 
We need lightweight sacrificial coatings or lightweight 
ablation-resistant moldings, for use at very high skin tem- 
peratures, which will absorb and dissipate heat, while cool- 
ing the aerodynamic boundary layer, without becoming 


rough in the slipstream.” 
—H A PERRY 
Aeronautical materials engineer 
US Naval Ordnance Laboratory 
White Oak, Md 
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“A new tack must be taken... 
to develop a new family of 
‘working plastics.’ Present 
materials are adequate for 
present-day applications, 
but the next step requires 
improved physical and me- 
chanical properties. If plas- 
tics are to step up to their 
structural applications, 
they must meet more rig- 
orous requirements in sev- 
eral important areas. 

“Heat resistance is one 
important consideration 
because vehicle compo- 
nents are exposed to a variety of temperatures from —40 
to 250 F. The elevated temperatures encountered in desert 
operation at ambients up to 125 F, for instance, offer a 
good example of an area where the properties of plastics 
must be improved before they can be used for structural 
components. One of the most important properties of a 
structural part is its modulus of elasticity. The modulus of 
current plastic materials is not high, and even the best 
ones decline very rapidly as temperature increases. 

“Plastic materials have relatively low yield strengths, 
another major property, and these are adversely affected by 
temperature in a manner similar to the modulus. Most 
thermoplastics experience a drop of 50% or more in their 
strength between 10 F and 200 F, and this is a serious 
handicap in design considerations. Here, materials must be 
developed which have superior properties in these areas 
and are able to maintain them at temperatures up to 250 F. 

“The coefficient of expansion of mating parts is critical 
in design considerations. When a plastic part is used in 
conjunction with steel components, the expansion values 
of the plastic may be 10 times greater than that of steel. 
This difference presents serious joining problems, partic- 
ularly in large sections where rigid connection is essential 
for structural loading. 

“Low-temperature performance of plastics is consider- 
ably inferior to performance at the higher temperatures. As 
automotive parts must operate trouble-free at temperatures 
down to —40 F, this often leads to over-design and a part 
more expensive than necessary for normal temperature 
operation. An increase in the low-temperature properties of 
plastics would not only widen their application but allow 
the development of more economical designs.” 


—THOMAS H RISK 
Manager—Materials, Fuels and 
Lubricants Dept 

Engineering and Research Staff 
Ford Motor Co 





-« 1S WHAT YOU BUY! 


POWER — clean, dry, drip-free power at the business end of a 
Hannifin piston rod is the result of Hannifin extra quality, and at 
no extra cost. Bores are honed to 15 RMS or finer... piston 
rods are case hardened, plated and polished to 10 RMS or better. Cartridge 
gland, removable without dismantling cylinder, has exclusive Hannifin-developed 
“‘Lipseal®-Wiperseal’”’ combination for a truly drip-free rod. 
Modern straight thread leak-proof ports for easily positioned fittings are available 
at no extra cost on hydraulic cylinders. 


SBA 
HYDRAULIC ISSs AIR 
CYLINDERS Ne > CYLINDERS | 


Two Pressure Ratings 


2000 psi (3000 psi non shock), the 
famous heavy duty Hannifin Series 
“H” in 13¢to 12” bore. 

1000 psi, Series ‘‘L'’, 1’ to 8” bore, 
Hannifin quality in a lighter cylinder. 
Full compliance JIC Hydraulic Specs. 


Series ‘‘A’’—steel heads, honed brass 
body for corrosion resistance. Harden- 
ed and hard chrome plated piston 
rod. For all heavy duty air service. 
Easily modified for water service. 

Full compliance JIC P tic Specs. 





New from Hannifin, a complete power 
package combining cylinder and 
solenoid valve. Only one air line 
connection. Four mounting styles. 
Interchangeable mounting dimensions 
for most applications. 


HANNIFIN COMPANY 
A DIVISION 
525 South Wolf Road « Des Plaines, IMlinois 


ARKER 
ANNIFIN 


CORPORATION 


PNEUMATIC AND HyporauLic SYSTEM COMPONENTS 
3128-PH 


EUROPEAN DIVISION « PARKER-HANNIFIN N.V.+ SCHIPHOL+ THE NETHERLANDS 
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HANNIFIN 
“HUSTLER 
VALVES 
GIVE YOU 

SPEED 


SURENESS 
& GOOD 
SERVICE 


ob 


ARKER 
ANNIFIN 
CORPORATION 


VALVES 
MOUNT ON 
34%” CENTERS 


EUROPEAN C 
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"“, ¥%," sizes 


3", Yr 


ALL the features you want 
in 4-way, pilot-operated 
air control 


HOW FAST? So fast it fills 12 cu. in. test 
chambers from 0 to 90 psi in 0.029 seconds. Larger, 
100 cu. in. chambers fill in 0.075 seconds. Valve itself 
has been cycled on test over 3,000 times a minute. 
We know of no faster valve. 


9 HOW SURE? Valve will operate on severely re- 


stricted air supplies and at pressures down to 15 psi, 
thanks to a reserve volume of pilot air, maintained 
at maximum line pressure in a self-restoring accumu- 
lator chamber (patent applied for). Low-wattage, 
nylon encapsulated, plug-in solenoids are guaranteed 
for life against burnout. New ‘‘Comb-O-Seals’’—one- 
piece, pressure-energized—seal positively, cannot be 
improperly assembled. Any of today’s varied air line 
lubricants can be used. Both pilot valve and main 
valves operate on poppet principle, cannot stick in 
dirty air. 


HOW GOOD? Good for millions of leak-proof 
cycles! All-aluminum, die cast construction gives you 
light weight, assures clean, smooth air passages. Base 
mounting—all connections, air and electrical, are 
permanently made to the base. Quick plug-in feature 
—entire operating unit “plugs” into base; remove two 
screws and it lifts off easily and quickly. Locking 
manual over-ride is standard on all solenoid models. 
All models fully meet J.I.C. standards. 


ADD-A-FOLD BASES (optional) permit 
joining a number of valves together, with one supply, 
one exhaust, one gallery for electrical connections. 

You can have either maintained or momentary 
contact electrical actuation— or remote pressure actua- 
tion. Valve is available in %’’, 4%" and %" pipe 
sizes. Write for new Bulletin 0611-B1. 


HANNIFIN COMPANY 
A DIVISION 
525 South Wolf Road « Des Plaines, Illinois 
Pneumatic AND Hyorautic SYSTEM COMPONENTS 
NETHERLANOS 


VISION + PARKER-HANNIFIN N,V.» SCHIPHOL + THE 
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The BALL Bearing 
for all your 





Precision Series “‘A': and 
Low Cost Series ‘'B’’ BALL BUSHING 


Sliding linear motions are nearly always 
troublesome. Thousands of progressive 
engineers and designers have solved this 
problem by application of BALL BUSH- 
INGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any 
mechanism that is moved or shifted in a 
straight line. 


improve your product! Up-date your 
design and performance with Thomson 
BALL BUSHINGS! 


= 


Wee 


Adjustable Diameter and Open 


THOMSON 


BALL BUSHING 


for Zero Clearance 


LINEAR MOTIONS 


Open BALL BUSHING 
for Zero Clearance on 
Supported Shafts 


LOW FRICTION - ZERO SHAKE OR PLAY 


ELIMINATE BINDING AND CHATTER 


SOLVE SLIDING LUBRICATION PROBLEMS 


LONG LIFE - LASTING ALIGNMENT 


The various types cover a shaft diameter 
range of ‘®” to 4”. Small sizes available 
in Stainless Steel. Write for literature and 
name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept. H, MANHASSET, NEW YORK 


_F : Also Manufacturers of NYLINED Bearings ... Sleeve Bearings 


of DuPont Nylon, and 60 CASE... Hardened and Ground Steel Shafting 


Adjustable Diameter 
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Three Cheers for Liberal Arts 


To the Editor: 
Three cheers for your editorial of Mav 
1, p 39, regarding liberal arts. It is my 
privilege to speak to many groups on mis 
sile and space developments, most of 
whom have the liberal arts education, and 
the appalling lack of the simplest knowl 
edge of the natural sciences is discourag 
ing. When someone talks to me about 
the “well rounded” engineer, I remind 
them that it is the lean hungry man who 

gets things done 
—T B Hot.iway 
Elmhurst, II! 


lo the Editor 
It is with a great deal of pleasure that 
I read the “Horizons” by editor Tanger- 
man. His last, ““Those Very Liberal Arts,”’ 
was terrific. The philosophy he expresses 
shows real creative thinking, an element 
that is certainly lacking in so much of our 
newsprint today. Your magazine is to be 
commended for having him as a constant 

contributor 

—SrTanwey E Sprinc 
Industrial Education 
Circleville High School 
Circleville, Ohio 


Knurled Aluminum Knobs 


To the Editor: 

Just read the article on knurled knob 
in your Apr 17 issue, p 32. I have made 
such an item, which is available on an 
aluminum knob. It is also available with- 
out the aluminum knob. Sizes from @ in 
ID to 1 in. ID, width up to 1 in 

—R V O’MEarRA 
Peabody, Mass 


Revised Standards 


To the Editor: 

Your article, “Universal Standards for 
Printed Wiring Boards,” Apr 3, p 42, was 
a bit behind schedule: 

XAR-153A, dated Nov 6, 1957 was 
superseded by MIL P-21193, dated Jan 
13, 1958 and this was superseded by MIL 
P-55110, dated Sep 6, 1960. This was 
issued by DOD, Army, Navy, and Air- 
I oree 

MIL-STD-275 has a Rev. A dated Sep 

1960 and is much more comprehensive 

On p 43 the “Conductor Spacing” 
should also specify altitude and conditions 
for design, and also specify values for 
coated or uncoated boards. 

Conductor widths are on the extreme 
safe side. In the chart on p 43 for unclad 
base materials MIL-P-13949 should not be 
shown since this is for clad _ board 
laminates —J R MATZINGER 

The Martin Company 
Orlando, Fla 












Fluoroplastic bearings 
Good—but Not That Good 


ein our report on fluoroplastic bearing 


\pr 24, p 6), 


‘ 


we gave them credit for 
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rather higher load-bearing capacity than 
they deserved. As F. F. Simpson of D 
Napier & Sons points out, the statement 
in regard to loads and speeds should have 
read: 

“Best performances were turned in by 
the first two combinations (TF 2 bronze 
dust and sintered bronze impregnated 
with TFE and lead). They stcod loads 
of 5000 Ib/sq in. at 4 ft/minute (20,000 
PV) and 1500 Ib/sq in. at 25 it/minute 
(35,000 PV) for the 100-hour period. 
In contrast, plain carbon graphite bear- 
ings wore past the check point at loads of 
120 Ib/sq in. at 25 ft/minute (3000 PV) 
and 30 lb/sq in. at 165 ft/minvte (5000 
PV) and mild steel seized at 4 Ib/sq in 
and 25 ft/minute (100 PV).”-—Ed 


COMING EVENTS 
JUNE 


4-7 .... American Gear Manufacturers 
Assn, Annual Meeting, The Homestead, 
Hot Springs, Va 


5-8 . . . . Instrument Society of America, 
International Instrument-Automation Con 
ference & Exhibit, Royal York Hotel, 
Quee n Elizabeth Hall, Toronto, Canada 


5-9 .... Society of Automotive Engi 
neers, Summer Meeting, Chase-Park Plaza, 
St. Louis 


5-9 . . . . Society of the Plastics Industry, 
9th National Plastics Expositior & Con 
ference, Hotel Commodore & Coliseum, 


New York City 


American Society of Me 
chanical Engineers, Summer Annual Meet 
ing, Statler Hilton Hotel, Los Angeles 


18-23 . . . . American Institute of Elec 
trical Engineers, Spring General Meeting, 
Comell Univ, Ithaca, NY 


American Society for Test 
ing Materials, 64th Annual Meeting Chala- 
fonte-Haddon Hall, Atlantic City, NJ 


American Institute of Elec 
trical Engineers Conference on Concepts 
and Design in Aerospace Electrfity, Ben- 
jamin Franklin Hotel, Philadelpfia 


American Society of Heat 
ing, Refrigerating and Air Corditioning 
Engineers, Annual Meeting, Denver-Hilton 
Hotel, Denver 


28-30 . . . . Institute of Radio Engi- 


This Emblem 


e 


in Hydraulic 
_ Transmission 


When stamped on Anchor 
hydraulic components . . . the 
Anchor emblem is your definite 
assurance of constant, uniform 
quality in design, engineering 
and manufacture. . . and com- 
plete reliability in hydraulic 
transmission lines. Anchor 
fluid power components elimi- 
nate equipment downtime. . . 
production delays . . . idle 
manpower. 


Anchor’s comprehensive line 
of Hydraulic Hose Assemblies 
with Pressed-On, Reusable, 
Clamp-Type or 4-Bolt Split- 
Flange “O” Ring Head Cou- 

ANCHOR HOSE ASSEMBLIES with 
Pressed-On Couplings for maximum 
working pressures from 12,500 PSI to 
100 PSI. 


ANCHOR REUSABLE, CLAMP-TYPE, 
DULOC and/or HOLD-FAST COUP- 
LINGS for pressures from 5000 PSI 


COMPLETE RELIABILIT 


plings . . . Hydraulic Hose... 
Adapters, Adapter Unions, 
Pipe Fittings, and SAE Boss 
Fittings with the greatest va- 
riety of thread combinations — 
pipe, J.1.C., SAE — give long 
life, uninterrupted trouble-free 
service ... with minimum 
maintenance. 

Today ... as it has been for 
over 20 years ... Anchor is first 
choice among original equip- 
ment manufacturers. 

Send for the Condensed Cat- 
alog . . . to help you choose the 
right Anchor hydraulic compo- 
nent for your equipment. 


ANCHOR 4-BOLT SPLIT-FLANGE “O” 
RING HEAD COUPLINGS for pres- 
sures from 3500 PSI to 100 PSI. 


ANCHOR ADAPTERS, ADAPTER 
UNIONS, PIPE FITTINGS, SAE BOSS 
TYPE FITTINGS in variety of styles and 
sizes, and thread combinations. 


Andy Anchor says: “Remember . . . the Anchor emblem is our 
‘Pledge of Performance’. . . always! You increase the sale- 
ability of your equipment with Anchor fluid power components.” 


ANCIHOR Coupling Co.Inc. 


331 North Fourth Street, Libertyville, Ill. 
Branch Plants: Dallas, Tex., Plymouth, Mich. 


neers, ASME, AIEE, ISA, AIChE, 2nd 
Joint Automatic Control] Confereace, Uni- 
versity of Colorado, Boulder 


For a listing of addresses of societies and 
associations send 25¢ to Product Engi- 
neering Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R *:2. 
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his New YUG[unare 


CLASS 9007, TYPE AW 


Oil-tight construction 


Wired without removing 
from box 


Reversible plug-in unit 
—can be plugged-in 
with roller arm at either end 


Switch action can be reversed 
by simple 

screwdriver adjustment 
Present installations 

easily converted to plug-in 


Precision switch mechanism 
—only 5° to operate — 
25°overtravel in either direction 


Graduated markings 
around hub of roller arm 
simplify accurate settings 


Same price as standard 
Square D oil-tight limit switch 





6 MOUNTING ARRANGEMENTS...WITH 7 DEVICE! 








Switch Switch 
Mounted Mounted 
Switch on its Base on its Base Switch 
Mounted with with Mounted 
on Conduit Conduit on its 

its Left Side at Bottom at Top Right Side 



































In any of the above arrangements, conduit can enter at either top or bottom by reversing box position 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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SWITC His YL to Use! 


SQUARE D LIMIT SWITCHES ARE 
.O DO HUNDREDS OF JOBS — BETTER! 


= sh mounting, 
be a is uoeetad rated with er arm operated 

roller arm operated adjus stable. with micrometer “mer = tied 
roller arm adjustment 


ROLLER ARMS AVAILABLE 


IN WIDE RANGE OF 
DESIGNS AND LENGTHS... A | 


HEAVY-DUTY O1L-TIGHT LIMIT SWITCH -- CLASS 9007, TYPE T 


@djustable lever arms, 
up to 80° o rd vel 


WIDE VARIETY OF BASE PLATES 
AND 
MOUNTING HOLES... 


W rile tor BULLETIN 9007 AW to Square D Company, 4041 North Richards Street, Milwaukee 12, Wisconsin 


Ls) ' Ls) fs) 
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HOT WATER UNITS... 





TO ATOMIC STEAM 
GENERATING 
EQUIPMENT 


Here’s versatility at its peak... in 
Vulcan’s wide range of electric im- 
mersion heaters for industry, com- 
merce and home. They range all the 
way from 100 to 500,000 watts in 
standard voltages. Units are readily 
adaptable to thermostatic control. 
Moisture-proof, dust-proof or ex- 
plosive-proof construction is avail- 
able. Heaters are designed for all 
types of fluids . . . water, oil, steam, 
air, Dowtherm, etc. And they’re 
also available as packaged u:.its, 
complete with shells and jackets. 


Write for Catalog VG-201. 





VULCAN ELECTRIC COMPANY, Danvers, Mass. 
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For Your INFORMATION (persona!) 


Driver deluxe—with batteries 


Safe, simple, and convenient are the claims for a battery-operated screw- 
driver designed in Germany and now being marketed in Britain. It’s no bargain- 
counter gadget, though. The British price is close to $50 for the complete 
unit, with battery and charger; about $40 for the unit itself. Tool holders 
and tools run about $2 each. Pushbutton controls set the direction of motion, 
and also lock the tool for manual use, Hans Fickert of Frankfurt designed it; 
Southern Tools Ltd., Cheam, Surrey, England, markets it. 


Shatt locka Pushbuttonl Directional control External power plug 


\ 
“Battery 


Transmission 


BATTERY-OPERATED SCREWDRIVER carries its own power supply, can 
also be operated from a low-voltage source. It weighs just a little over a 
pound; is about 7 in. long, 144 in. dia. 


Want junior to be a gambling man? 


Now that Monte Carlo 
has become a respectable 
basis for computer theory, 
what is more proper than 
to provide a roulette wheel 
and chuck-a-luck dice cage 
to teach junior the laws of 
probability? Edmund Sci- 
entific Co has packaged 
these items, plus a mini- 

ature one-armed bandit (the kind with lemons and oranges), and 2 tubes of 
buckshot in a science kit, complete with instructions. Price for the works: $4. 


Meet the wood brick 


If you’re tired of the 
old-fashioned clay kind, 
you can now have wood 
bricks for home-build- 
ing. They’re 3% in. 
square in cross-section, 
come in lengths of 10 
to 20 in. tongued, 
grooved, and predrilled. 
Ealand-Wood Lum- 
ber Co, Jasper, Tex 
has building instructions and building plans, sells all lumber necessary for 
a 4-room house for $960. With foundation, plumbing, electrical materials, 
hardware, and labor, E-W says, a complete house (20 by 28 ft) can be built 
for $2565. The one pictured here, of redwood brick, was erected by Private 
Enterprise, Inc, in Wichita, Kan. The chimney, of course, is brick of the 


standard kind. —ARG 
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\Get to the heart of your problem 


~~ with “Pump Engineering” 


Let Marlow take the pumping “headache” out 
of your design department. It’s not just a dream 
but a proved fact that a custom-engineered Marlow 
can put efficiency into your product and give you 
a definite selling advantage over your competition. 
Marlow’s Pump Engineering has done just that for 
Original Equipment Manufacturers in many diver- 


sified industries. 


Modern, automated, manufacturing and engi- 
neering facilities enable Marlow to produce effi- 
cient, reliable, custom designed Self-Priming, 
Centrifugal, Straight Centrifugal, Diaphragm and 
Plunger Pumps...at mass production prices. 

Get in touch with us immediately. Write, wire 
or call and, in no time at all, a Marlow Field Engi- 
neer will be at your plant, ready and able to help 
you plan or design. There is no obligation and—it 


costs you nothing to find out. 


Check with Marlow ... today! 


MARLOW PUMPS 
Marlow Division of Bell & Gossett Company 


MIDLAND PARK, NEW JERSEY 


Longview, Texas * Morton Grove, Illinois 


CUSTOM DESIGNED PUMPS SERVING INDUSTRY THE WORLD OVER 
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What’s News in Rubber... 











PEE ad et a a, - 
a's gen “ie a ” 


ENJAY BUTYL HT 10-66 gives this playground mat the ability to withstand years of scuffing and abrasion, repeated impacts and flexing, as well as outdoor weathering. 


A NEW RUBBER TO DO THE HARD JOBS! 
ENJAY BUTYL HT 10-66 


Halogenated for...high heat resistance...covulcanization with 
other elastomers...low compression set...and faster cures 


Plus these well-known Butyl advantages: 
@ High flex, tear and abrasion resistance ®@ Excellent chemical resistance 


@ Low gas and moisture permeability @ High weather and ozone resistance 


NOW AVAILABLE IN A VARIETY OF MOLECULAR WEIGHTS 





AIR-HOLDING INNERLINERS Of Enjay Butyl HT 10-66 
help assure correct inflation pressure for tubeless tires 
and can give greater blowout protection as well as 
improved tire-tread wear. Other tire uses include white 
sidewalls, black sidewall veneers and chafer strips. 


HOT MATERIAL BELTS like this perform well at continu- 
ous temperatures of 350°F, thanks to the exceptional 
heat aging properties of Enjay Butyl HT 10-66. 


APPLIANCE PaRTS of Enjay Butyl HT 10-66 withstand 
the deteriorating effects of detergents and dishwashing 
compounds. Absorption of hot water by the rubber is 
reduced to a minimum. 


SHOCK-RESISTANT LAUNCHING PADS of metal-covered 
Enjay Butyl HT 10-66 withstand launching shock and 
exposure to intense heat encountered in missile firings. 


WRITE TODAY FOR NEW TECHNICAL MANUAL HT 10-66... 


Contains processing information, performance data and 


recommended cure systems. For your free copy or for 


technical assistance in applying this important new poly- 
mer, write to Enjay, 15 West 51st St., New York 19, N. Y. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 








McGILL bearings 
in record-breaking. 
MERCURY outboard 

motors 


Hydroplane speeds averaging 
over 107 miles per hour, run- 
about endurance runs of 50,000 
miles in 68 days and outstanding 
power exhibitions by Mercury 
outboard motors are a true test 
of component performance. 
MCGILL split center main bearing 
sleeves are used in 60-80 horse- 
power six cylinder Mercury out- 
board motors and have played an 
important part in the high stand- 
ards of performance set by these 
motors. 


engineered electrical produets 


MoGILL 


precision needle roller bearings 


» 
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MSGI LL” can solve your 


special purpose bearing problems 


You may have found that a special bearing is the only way to add 
anti-friction advantages to non-standard shaft and housing dimensional 
combinations—perhaps a special type bearing incorporating odd shaped 
components or adjacent machine members will do the job best. Such 
special bearing design and production is part of everyday activity with 
McGILL. So don’t design around a bearing barrier until you have con- 
sulted MCGILL creative engineering. They will welcome an opportunity 


to make recommendations. 


FAWICK AIRFLEX DIVISION 
magnetic clutches employ 
McGILL special ball bearing 


A special MCGILL precision ball bearing was developed to meet the exact- 
ing anti-friction requirements of the Fawick Stationary Field Magnetic 
Clutch. This extremely narrow and thin section bearing of comparatively 
large bore diameter is built to precision tolerances to accurately position 
and align all moving parts in relation to the stationary coil. Radial fit up 
is closely controlled to provide accuracy of magnetic flux air gaps. 
Retainer is nonmagnetic. Fawick relies on the MCGILL bearing to facili- 
tate the rapid and smooth response of the clutch even when operating at 


high cyclic rates. 


CAMROL” bearings protect reliability 
of IBM accounting machines 


McGILL CF Series CAMROL bearings 
improve performance and provide 
an additional safety factor for 
greater reliability in IBM 407 Ac- 
counting Machines. The CAMROL 
bearings are located on the card 
feed cam follower arms and they 
operate a pressure plate on the 
sensing unit of this high speed card 
feed. The 1BM 407 Accounting Ma- 
chine combines outstanding arith- 
metic ability and printing at a speed 
of 150 lines per minute. 


Send for free copy of McGill Bearing Catalog No. 52-A 


MULTIROL-GUIDEROL-CAMROL-CAGEROL 
McGILL MANUFACTURING CO., INC., Bearing Division 
201 N. Lafayette Street, Valparaiso, Indiana 
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Spaulding GFW-60 is designed 

to provide industry with a material 
of extremely high burst strengths 
for such applications as circuit 


* breaker arc interruption chambers, 
- high-voltage fuse tubes, switch 
gear and similar type components. 


It can be furnished with fibre 
liners, metal inserts, or with 


*Glass filament wound epoxy tubing pany 


gives industry a new tensile strength can be varied 


to fit specific applications. 


high burst strength material ri ao 


with special shapes. 





SPAULDING GFW-60 (1” x 114 





Water Absorption 


PROFILE OF CHARACTERISTICS = [once 


Tensile Strength 
Compression Strength psi 


Axially As Received 
Radially As Received 


As with All of its Products for Industry, Spaulding Offers Complete 
Value Analysis and Fabricating Services for Your Application of er Pees Short Vane 
GFW-60. Contact Spaulding for Details. 














SPAULDING FIBRE COMPANY, INC. 


322 WHEELER STREET, TONAWANDA, NEW YORK 
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NEVW DEPARTURES IN MINIATURE 


ie i 


HOW TO GIVE ON-THE-NOSE GUIDANCE TO MODERN “FISH” 
UNIQUE N/D LINEAR MOTION BEARING FREES GYRO CAGING ACTION 


The bearing illustrated is an N/D linear motion precision instrument ball bearing. It was 
specially designed and built to help solve a critical problem in the guidance system of a 
high speed anti-submarine torpedo. 


PROBLEM: Loss of accuracy in torpedo’s guidance system due to hang-up of caging arm 
in gyro assembly. 


SOLUTION: N/D Sales Engineer, in cooperation with manufacturer, found that wear of 

bushing on caging arm caused hang-up, delaying guidance activation. N/D Engineers 

set to work to design and build an instrument bearing that operates virtually friction- 

free. The result: Preservation of the guidance system's pin-point accuracy and reliability. 

Should you require ball bearing design information, invite the local N/D Sales Engineer to 

participate in your early design discussions. He represents one of the industry's largest clat N/D tineer motion 
engineering staffs devoted exclusively to the design and development of if strument ball bearing increased 
miniature and instrument ball bearings. Or, write for new Miniature and guidance reliability of ASTOR 
Instrument Ball Bearing Catalog, Department L.S., New Departure, Division torpedo weapon system devel- 
of General Motors Corporation, Bristol, Connecticut. oped by Westinghouse. 


NEW DEPARTURE 


MINIATURE AND INSTRUMENT BALL BEARINGS 
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HE WHO HAS EARS ... 


Through all man’s history, a pattern repeats itself. A leader arises, a 
dynamic, free-thinking personality whom people will follow. They support 
him in his rise to power . . . and he becomes an autocrat. He loses the 
ability to listen—to hear what the people are saying. Eventually, he 

is overthrown, usually by the forces that pushed him up in the first place. 

The pattern is not limited to a national leader; it fits a business, an 
executive, anyone in authority. He is preparing for his own defeat unless 
his ear remains keen. He must hear what the actor calls “audience 
reaction,” the publisher calls “response,” politicians the “will of the 
people,” the businessman “goodwill.” 

Integrity, honesty, quality—these are among the factors which mark 
the leader. These can be characteristics of the business leader as well 
as the political one. A frequently derided—but very effective—slogan 
about Simmons beds expresses it: “We stand behind every bed we sell.” 

I remember the maker of casement windows who replaced three broken 
operating mechanisms without charge. A Baltimore executive phoned 

me one day to tell of the maker of a power saw who replaced one of his 
units that broke as a result of a defective casting—ten years after it 

was built. In both cases, the buver has solid proof of the maker's 
integrity, and the makcr is still listening to the buyer. 

There are always those buyers who seek cause for complaint, those 
unreasonable ones who make the warranty period necessary. But there 
are also those makers who skimp all along the line and try to avoid 
responsibility. ‘They force their engineers to underdesign in the name of 
value engineering or cost contro!—and hope they'll get away with it. 

Some of these matters came up in the judging of our Master Design 
Awards, and resulted in the rather blunt statement that the customer 
will no longer be fooled. Said one judge: “There is increasing evidence 
that the prospective buyer is becoming much more discriminating. He is 
not willing to accept initial appearance alone as a guarantee of quality. 

He wants to get inside the product, to see how it’s put together. He’s 
willing to pay present prices for a good product, but he won’t take 

an inferior one at any price. There’s no such thing as a bargain pric« 

for a product that doesn’t do its job.” 

Such an opinion might be expected from one judge, but this one was 

corroborated by the others as well. Each had seen, within recent months, 
a steadily rising tide of resistance to shoddiness and gaudiness, and 
supported his argument with examples. Perhaps the age-old slogan 
is changing to “Caveat Vendor.” 

“He who has ears, let him hear.” 


June 5, 1961 





Flamatic-hardened worms help 
give Cleveland Speed Reducers 
their longer service life. . . 


On all Cleveland Speed Reducers, alloy steel worms are cut 
integral with the shaft and accurately ground to a high surface 
finish on both thread flanks. Shaft extension diameter is espe- 
cially large to permit increased overhung load capacity. Heat 
treatment is by a special “‘Flamatic” process— exclusive with 
Cleveland-made worms. This provides a high degree of hard- 
ness throughout the entire thread thickness and well below the 
worm’s root diameter— (See etched worm cross-section). 

This new worm hardness pattern gives maximum thread 
strength and resistance to wear without sacrificing the ad- 
vantage of a medium-hard tough core. Furthermore, the pattern 
is carried out in the worm shaft extension past the oil seal 
wearing surface to prevent the shaft being worn and damaged 
by its oil seal. 

Mated with Cleveland’s high density centrifugally cast 
bronze gears, the result is increased wear resistance—much 
longer trouble-free service life. 

Why not write today for your free copy of Bulletin No. 405 
showing the latest developments in the Cleveland Worm Gear 
Line. Or, better yet, contact your nearest Cleveland Repre- 
sentative and get the complete facts. 


BHAA ARE) 
Sreed lreductu- 
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Worms are Flamatic-hardened in the Cleveland Plant 
(above) to give them the typical Rockwell “C” hardness 
pattern as shown in the etched cross-section (below). 


Cleveland Worm & Gear Division 


Eaton Manufacturing Company 
3282 East 80th Street + Cleveland 4, Ohio @ 
® 
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ANNESTA R GARDNER 


Associate editor 


The best way to keep a product from leaking is to weld 
it shut, impregnate it with a sealant, and encase it in plas- 
tic. Another way is to let it leak, and depend on the leak 
to seal the opening—this may be surprisingly effective if 
the fluid is a nonhazardous, viscous, fast-drying compound. 

Sometimes, too, it’s possible to solve a leakage problem 
by taking advantage of what seems to be a disadvantage. 
For instance, swelling of elastomers by oils need not always 
be a liability. An effective seal may be had by deliberately 
choosing an “incompatible” oil and elastomer, so that a 
tight seal will be formed when the elastomer swells with 
the oil. “‘Anti-leak” oils specifically compounded for this 
purpose are available commercially. It should be noted, 
though, that this answer is not without its penalties: the 
soaking may cost the elastomer a good deal of its strength. 

But these are “special” solutions. For most products, 
it’s necessary to turn to caulking compounds, gaskets, wrap- 
pings, couplings, and pressurizing systems to prevent leak- 
age. Today’s designer has quite an array of these from 
which to choose—and many will do double duty. They 
can act as locking devices for fasteners, for instance, and 
instantaneously seal insertion holes. 


PRODUCT ENGINEERING - JUNE 5, 1961 


ad 6 @) 1S logs 
NN St a ee 


how to 
stop your 
product 


from 
leaking 


Here’s a quick survey of ways 
to design a leakproof product; 
also a questionnaire to help you 
check your own designs. 


CANNED PUMP iypiiies weld-it-shut 
approach to leak prevention. Originally 
designed for nuclear reactors, such pumps 
now go into conventional power stations too. 
Westinghouse built this one. 


In caulking and sealing compounds, there are flexible 
compositions—plastics, elastomers, putties, and asphalts 
that can stand a wide range of temperature and humidity 
conditions; and thermosetting materials that will not only 
provide a permanent seal, but also indicate when there has 
been excessive strain on, or tampering with, the joint. 


Many materials can serve 


These are by no means the only malleable materials 
employed for special sealing service. Lead, for instance, has 
long been used on pipe joints. For applications where low 
temperature makes lead too hard, and for other special 
purposes, some of the newer metals—notably indium—have 
been tried, and with a good deal of success. On the other 
hand, recent tests indicate that, with proper ring and 
flange design, conventional sealing materials like rubber 
can prove serviceable to very low temperature. The NBS 
Cryogenics Lab, for instance, reports that rubber O-rings 
and plastic gaskets can serve as static seals in liquid-helium 
equipment if flanges are designed to complement the prop- 
erties of the sealing material. 

For rubber O-rings, tongue-and-groove systems seem 
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NYLON BALL working against metal, 
and steel ball working against rubber, 
provide novel solutions to leaking prob- 
Slot for lems. (Left): combination of nylon ball 
gos and neoprene O-ring replaces two disk- 
passage shape checkvalves in a compression pres- 
sure gage designed by Ethyl Corp. to min- 
imize effects of dirt, eliminate hand-pol- 
ishing of disk surfaces. (Below): pinch- 
valve, made of Du Pont neoprene, requires 
no clamp. Just pinch it to open; it will 
stand 14 psi air pressure when closed. 











SELF-BROACHING FASTENERS pre- 
vent leakage in liquid oxygen tanks. 
The fasteners themselves have teeth, 
literally eat their way in and seat 
themselves, get around leakage prob- 
lems posed by oversize holes. These 
are made by Huck 


best. For plastic gaskets, a flat plate working against a ring 
of semicircular cross-section gives good service. Using the 
thinnest possible seal and keeping it under relatively high 
compression also helps to prevent leakage by minimizing 
the effects of shrinkage and taking full advantage of the 
natural recovery tendency of the material. 

But suppose that even the best flexible or malleable seals 
will not hold leakage to the desired minimum, then it may 
be necessary to encase or pressurize the joint. Admitted]; 
1 costly solution—but sometimes the only one. Such closed 
systems need not interfere with motion. Many “leakproof” 
pumps operate by induction. 


Know what’s needed 


I'he fact is, there are almost as many ways to stop leak 
ige as there are types of joints. The biggest problem is 
defining the conditions and making sure that solving one 
part of the problem won’t create others. Unfortunately, 
“leakproof” is one of the worst defined terms in the engi- 
neering lexicon. In vacuum work, one milliliter a day may 
be too much. Yet, for many shaft and bearing systems, a 
fluid leakage of 6 cc/hr is considered acceptable. But losses, 
particularly in pressurized systems, can mount up. In an 
aircraft cabin pressurized to 14 psi, for example, a hole just 
0.001 in. sq will permit escape of 3 Ib of air an hr—72 lb a 
day, even at commercial altitudes. Obviously, “leakproof” 
needs a clear, quantitative definition before design starts. 


These conditions may cause trouble 


Likewise, the effects of thermal cycling are too often 
overlooked. When thermal cycling, even over a relatively 
small range, is involved, the sealing problem may suddenl\ 
become acute. An Air Force study a few years ago showed, 
for instance, that most synthetic rubber gaskets lost 20 to 
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Neoprene Stee/ 
body bal/ 











100% of initial squeeze at 400 F and much if not all of 
their initial sealing ability at temperatures of even —5 F, 
though some can stand —55 F. Furthermore, thermal 
shrinkage is not the only problem created by thermal 
cycling. Extraction shrinkage and mechanical set may take 
their toll too. 

Selecting a sealing material can also be a pretty complex 
matter. For instance, discussing putty-like materials and 
cements for threaded joints at the British Hydromechanical 
Research Assn’s International Conference on Fluid Seal- 
ing, R. W. Bryant and W. A. Dukes of the UK Ministry 
of Aviation noted that the putties (luting compounds) used 
on joints that must be disassembled should: 


e Resist slumping under their own weight at the highest 
working temperature 
e Stay soft and pliable at the lowest working temperature 


e Remain extensible during application and use 

e Be tacky and adherent to metallic and other surfaces 

e Resist water and chemicals and have a low vapor 
permeability. 

A cement needs: 


e Flexibility over a wide temperature range and resist- 
ance to flow at high temperatures 


e Physical stability and chemical inertness 

e Ability to adhere to a wide variety of materials 

e Adequate strength (great strength is not important; 
as sealing cements are normally used as gap-fillers rather 
than as adhesives). 

In addition, resins should have a pot life of at least an 


hour, and should set in not more than 24 hr; and, if it’s 
a material that dries by evaporation of a solvent, it should 
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First, check the conditions: 


Will the product have to be disassembled? If so, how fre 
quently? 

Is the product or its contents hazardous? 

Would it be contaminated by leakage into 

What rate of leakage can be tolerated? 

Is thermal cycling involved? 

Is abrasion or abuse a problem? 

How much pressure must the joint stand, and is it continu 
ous or intermittent? 

What pressure variations, if any, are p 

Is space a limiting factor? 

What are the chemical characteristics of the contained 
medium? 

Is the seal compatible with adjoining structural materials? 


] 
I 


iced on the joint? 


Then, try these solutions: 


Can the part be welded shut and openings sealed permanently? 
This can often be done even when operating mechanisms 
are involved, as in “canned’’ motors and sealed pumps 
where induction drives may be used.) 

Can gaskets be made to tighten themselves by purposely choos 
ing materials which will swell in the fluid to be used? 

Can floating seals—rings or balls riding in tapered passages— 
provide a self-adjusting assembly that will compensate for 
wear? 

Can the fluid itself be used as a seal? (A viscous compound 
that air-dries may be self-sealing 

Can gaskets and seals—of such materials as felt—be used to 





These questions to guide design 


mop up or wick out leakage as it occurs and prevent fur 
ther damage? 
Would a soft metal like lead or indium, or a wire gasket that 
would mash under pressure, increase sealing action? 
Could a rolled joint, or lock seam with a carefully 
resin or solder filler, do the trick? 
Can a magnetic seal be used to hold parts together? 
Can the system be pressurized to prevent leakage? 
Could leakage problems be eased by charging the fluid itself 
so leakage would be less hazardous or less costly? 


hosen 


Finally, check these points: 


If soft seals are used, will they extrude under pressure? Proper 

selection of shape and use of back-up rings may prevent this 
PE—Feb 13, P 6) 

Will the seal that is chosen prevent leakage in both directions? 

Are sealing materials compatible with the part itself as well 
as the fluid? 

If expanding or shrink-fitted seals are used, have they been 
checked over the full range of operating temperatures? (An 
expanding gasket may shrink if temperature goes to a low; 
a shrink-fitted one may loosen it if it goes too high) 

Is the seal resistant to, or protected from, dirt, dust, and 
chemical attack? 

If mating flanges are used, have surface finish and clamping 
pressure as well as surface contour and operating pressure 
been specified? 

Have all types of hermetic seals—matched coefficient, expan 
sion element, and plated-and-soldered combinations—been 
considered and tested? 








be tested to make sure it will dry (a close fit in the joint 
may retard evaporation) and that, if it does, it will not 
contract too much. 

Furthermore, performance of the sealing compound will 
be influenced by: 

© Choice of metal for the components 

e Diameter of the thread 

e Length of thread engagement 

© Mode of application of the sealing composition 

e Compression of enclosed air during assembly 

© Resistance of the seal to thermal cycling and mechani- 
cal shock, and to any pressure that may be applied after 
assembly. 


Choose it and check it 


Best advice, then, to design a “leakproof” product is to 
know the conditions, test all the solutions, check your 
selection with questions like those above, and finally, 
test the finished product. Any one of several methods 
may be used—air or gas pressure, vacuum; X-ray, isotope, 
magnetic particle and fluorescent pigment inspection; elec- 
trical breakdown indicators; and many others. Method of 
application, too, varies from simple to complex. Often the 
best way is the old-fashioned one of immersing the part 
in water and watching for bubbles. As one variation on 
this, the Navy is testing tanks (these, of relatively large 
size) by soaping the walls, and applying a vacuum. 

If there are any leaks, air will be drawn in, blowing 
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bubbles as it flows. A transparent cover, installed for the 
test, can make viewing easy. Navy says it’s simpler and 
more effective than pressure methods previously used. 

Whatever the method, though, apply it to the finished 
part as well as to prototype. The joint may be sound; 
but the material used for the parts themselves may b 
porous. Pinholes in castings are an old and ever-present 
problem, for instance. If leakage tolerances are tight, it 
may be best to specify a sealant or impregnant for the 
casting itself, as well as taking the necessary precautions at 
joints and junction points. 


EDITOR’S NOTE: For major discussion on sealing see: 

Leaktight Seals for High-pressure Valves and Piping, 
Apr 24 ’61, p 72—A 3-page discussion that covers the range 
from 300 to 15,000 psi. 

How to Choose a Dynamic Seal, Mar 20 61, p 57—Design 
of seals and packings, and selection of materials. 

How to Select the Right Gasket Material, Oct 3 ‘60, p 52 
Mechanics of bolted, gasketed joints, with tables of bolt 
stress areas, seating stresses. 

Packed Glands for High Pressure, Nov 10 58, p 94, and 
Nov 24 '58, p 74—Two-part article on gland design for 
pressures to 5000 psi. 

Metal-fiber Composites, May 30 ’60, p 57—Discusses use 
of metal felt impregnated with soft metal as a gasket 
material for 5000-psi air at 1000 F. 


For references and brief discussion of other studies 
mentioned here, see: 

Shrinkable Gasket Low-Temp Seal—June 6 '60, p 10 

Less Leaking Now with Shaft Seals—Dec 19 ’60, p 15. 

Seals Do Unconventional Job-——Feb 13 ‘61, p 6. 

Aluminum Seals Higher Vacuum—Mar 6 ’61, p 8 





NEED PRECISION? 





DON’T OVERLOOK ELECTROFORMING 


Making a metal part by electroplating over a removable mandrel is 
often thought to be a costly technique. But it needn’t be 

if you know the latest mandrel systems, plating alloys and design 
methods. Here’s a review that brings you up-to-date. 


Ww 


H SAFRANEK 


Electrochemical Engineering Div 
Battelle Memorial Institute 
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WHAT IS ELECTROFORMING? 
® Electroforming is the production or reproduction of 
thin-wal] metal parts by electrodeposition upo:: a mandrel 
or mold that is subsequently separated or removed from the 
deposit, Major steps in the production of electroformed 
parts include: 

1, Designing the part, which must be compatible with 
function of the part and the selected electroforming 
procedure. 

2. Selecting a mandrel or mold material compatible with 
requirements for dimensional accuracy and fidelity of de- 
sign detail. Separating-procedures and costs have a great 
influence on this selection. 

3. Producing one or more mandrels for electroforming 
the part. The number depends on the mandrel material 
and the volume of production. 

4. Electrodepositing the selected metal, alloy, or sand- 
wich to the required wall thickness. Dies, molds, and other 
articles requiring thick walls exceeding about 0.1 in. are 
more economically built up by casting (or spraying) plastic, 
aluminum, low-melting alloy, or other material on a thin 
electroformed shell than they are by electrodepositing the 
entire wall thickness, 

5. Separating mandrel from the electroformed article 
(see Table I for summary of methods). 

6. Machining or surface finishing of exterior (outer) 
surfaces. This step is required for some electroformed 
articles, but not for others. A properly selected procedure 
for electroforming thin-walled parts often precludes finish- 
ing and thereby reduces over-all costs. 

A variety of mandrels and separating procedures have 
been employed, Table I. More than one mandrel system 
has been satisfactory for some of the parts listed there. The 
variety of parts illustrates the versatility of 
with respect to size and shape. Electroformed parts in the 
table varied in weight from less than 0.1 oz to more than 
3 tons. 


REPRINTED—Circle 609, inside back cover 


F or reproducing design detail with dimensional precision, 
electroforming is unexcelled. For example: the fidelity of 
electrotyping is good enough to duplicate photoengravings 
containing more than 17,000 dots/sq in.; the optical 
accuracy of electroformed reflectors duplicates that for 
ground-glass mirrors; modulations smaller than 0.0005 in. 
are accurately reproduced in the width of the grooves in 
stamping dies for long-playing records. 

Despite this kind of precision, electroforming is usually 
regarded as a last resort for parts that cannot be made 
any other way. Why? Mainly because high costs are 
thought to be inevitable, designers are unaware of impor- 
tant new developments in the field, and the process and 
its advantages are not well understood. Let’s examine 
these three points one by one: 

(1) Precision parts with critical dimensions can often 
be made as economically as by other processes, and some- 
times even cheaper—especially when production volume is 
large. Electroforming very small-bore tubing, for example, 
is competitive with drawing or extruding. Chief cause of 
excessive costs is incorrect selection of the mandrel sys- 
tem. Many electroforming jobs have been abandoned be- 
cause of an uneconomical mandrel system. Table I shows 
the wide variety of available systems, related to specific 
applications. 

(2) Recent developments sparking interest in electro- 
forming include the following: 

e New alloys: Electroformers can now deposit nickel- 
cobalt and copper-tin alloys. A nickel alloy containing 
to 11% manganese has been developed by Convair. With 
this high-strength and nearly stress- free alloy, electro- 
formed parts can be easily soldered to other metals. 
Chromium alloys are being investigated, and a cobalt- 
tungsten alloy—chosen for its high hot-hardness—has been 
electroformed successfully. 

e New techniques: Multilayered composites of two or 
more alloys are providing high strength, ductility, and 
unitorm wall thicknesses for sh: apes too complex to electro- 


continued on page 47 


PRODUCT ENGINEERING + JUNE 5, 1961 





i—MANDREL SYSTEMS AND SEPARATING PROCEDURES FOR ELECTROFORMED PARTS 





Electroformed Part 


Mandrel 


Separating Procedure 





Antenna 
Band-instrument parts 


Bellows 

Bimetal sheet 
Dies, die cavities 
Dies, die cavities 


Electrotypes 

Electronic stencils 
Filters, fine-mesh screen 
Floats 

Foil for printed circuits 
Fountain pen caps 
Heating duct 


Honeycomb sandwich 
Injection molds 


Jet nozzels 
Magnetic tape 
Mirrors 

Nickel foil (0.002 in.) 


Nickel, silver 
Copper, brass 


Copper, nickel 
Nickel and copper 
Nickel plus copper 
Nickel 

Copper 

Copper, nickel 


Nickel, copper 
Copper 


Copper 
Nickel 
Nickel 


Nickel 
Copper-nickel sandwich 
Nickel alloy 


Ni-Co and Ni-Fe alloys 
Nickel and rhodium 


Silvered plastic 


Copper surfaced with a graphite 


and wax mixture 
Silvered wax 
Rotating stainless steel drum 
Silvered acrylic resin 
Low-melting, Sn-Bi-in alloy 
Silvered vinyl plastic 


Photosensitized and etched, silvered 


glass 
Photo-etched, rotating drum 


Plasticized paper pulp surfaced with 


bronze powder 


Plastic dissolved in boiling solvent 
Mechanical, after heating to melt the wax 


Wax removed by melting 
Mechanical 

Mechanical, by cutting and prying 
Mondrel melted ovt at 250 to 300 F 
Mechagical, by prying 

Mechanical 


Mechanical, by pulling 
Chemical decomposition 


Mechanical, by pulling 

Mechanical, by impact against a die 

Mandrell melted out by heating 

Chemical dissolution 

Wax removed by melting 

Aluminum dissolved chemically; alloy mandre! 
melted out 

Mechanical, by pulling 

Electroformed metal loosened by heating 

Mechanical, by pulling 


Paint masks Lacquered and silvered plastic or Mechanical prying, after trimming edges 
mold 


polystyrene 
Pattern molds Shellacked and metalized wood Mechanical, by prying 


pattern 
Graphitized wax 
Copper-plated, low-melting alloy 


Metalized phenolic resin 


Wax removed by melting 

Mandrel melted out at 250 to 450 F; copper dis- 
solved 

Mechanical, or by melting the phenolic after 
trimming edges of the mold 

Mechanical, by stretching and withdrawing fibers 

Mechanical 


Probes 
Radar waveguide 
Radome molds Nickel, or nicke! plus iron 


Silvered, nylon fibers 
Lecauered aluminum sputtered with 


Smali-bore tubing 
Sound-record stampers 


Copper, silver, nickel 
Nickel, or Ni plus Cu 


gold 
Chemically treated steel 
Tin-plated steel 
Aluminum casting 


Nickel-cobalt alloy 
Nickel, copper 
Nickel 


Stee! mandre! pushed out by hydraulic pressure 
Mechanical, after melting the tin 
Mechanical, after cooling to subzero temp 


Spline gages 
Telescopic tubing (radar) 
Wind-tunnel nozzles 











1l—MANDREL SYSTEMS APPROPRIATE FOR SPECIFIC SHAPES 





Shape of Volume of Wall Finish, Dimensional 


Electroformed 
Article 


Production, 
units year in. 


Thickness, Maximum Rms, Tolerances, 


microin. in. 


Recommended 
Mandrel System 





Fiat shape, reproducing de- 
tall with high fidelity on 
one side 


Enclosed hollow shells with 
@ symmetrical cross-sec- 
tlon 


Enclosed hollow shells as 
above 


Nonsymmetrical, branched 
shells 


Nonsymmetrical, branched 
shells 


Corrugated shalis 


Complex covities 
(split molds, dies) 


Complex cavities 


Interconnected muititubular 
structure 





Several 
thousend 


0.005 to 0.1 


Several 0.005 to 0.1 


thousand 


Several 0.01 to0.1 


thousand 


Less than 100 0.02 to 0.1 


More than 100 0.02 to 0.1 


1 to 1000 
1 to 100 


0.02 
0.02 


Several 0.02 to0.1 


thousand 


5 0.002 


0.001 


0.02 t0 0.05 


Silvered plastic, separated mechanically 


Tin-plated steel, separated mechanically after 
melting the tin 


Chromium-plated steel removed mechanically 
by impacting shell against shoulder of a die 


Silvered plastic 


Tin-plated, closely fitted steel segments with 
drawable individually 


Low-melting lead alloy 


Silvered “high melting” wax or plastic, or 
lacquered ploster 


Zinc alloy diecastings 


Low-melting lead alloy 
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3 types of mandrels for electroforming 


Permanent 
mandrel 


Permanent 
mandrel 


oF 




















Convex surface No taper 


Key:  Electroformed part i ; 


Fusible 
layer 


Undercut 
£00005" 


Mandrel 


Destructible 
mandrel 


Undercuts 
> 0.0005" 


Concave surface 


Fusible layer 


Design with inserts, shaped anodes and current shields 


PREFORMED INSERTS add 
local strength to electro- 
formed part; current shields 
prevent build-up to electro- 
deposit on corners nearest 
the regular anodes; shaped 
anodes, fitted to the geometry 
of the mandrel, insure that 
harder-to-reach areas receive 
a uniform deposit. 


I 
(er 


Preformed jf 
inserts — 


Reguior , 
anodes “ 








/ pt ] wonarel \ 
/ / 
px” 


Current 
shields 


Auxiliary 
shaped ‘ 
anodes - Electroformed 
shape 


IlI—MECHANICAL PROPERTIES OF ELECTROFORMED METALS 





Hardness 
(Vickers or 
Vickers equivalent) 


Metal Plating Bath 


Internal 
Stress, 
psi 


Tensile 
Strength, 
psi 


Elongation, 
% in 
2 in. 





270 to 320 
100 to 160 
150 to 220 





Bronze alloy 
Copper 
Copper 


Cyanide pyr ph ph " 

Copper cyanide 

Copper cyanide with periodic 
current reversal 

Copper sulfate 

Copper sulfate plus molasses 
and thiourea 

Chromic acid 

Ferrous chioride 

Ferrous sulfate 

Watts-type nickel sulfate 

Watts-type nickel sulfate plus 
additives 

Nickel chloride 

Nickel sulfamate 

Watts-type sulfate 

Silver cyanide 


51 to 80 
170 


Copper 
Copper 


Chromium 
tron 

lron 
Nickel 
Nickel 


310 to 1050 , 
125 to 200 
390 

139 to 182 
402 to 416 


Nickel 
Nickel 
Nickel-cobalt alloy 
Silver 


244 to 321 
No data 

430 to 460 
50 to 100 





2,000 to 10,000 
6,000 to 9,000 
11,600 


100 to 1,400 
No data 


15,000 to 70,000 


No data 
30 to 50 
6 to 9 


No data 
No data 
100,000 to 110,000 


36,000 to 48,000 22 to 39 
80,000 21 


15,000 to 80,000 0.1 
4 to 50 
1.0 ° 
17,000 to 35,000 
5,000 


42,000 
500 


7,000 to 56,000 
600 to 1,600 








* Highly stressed, judging from semiquantitative data 
4 
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form in a single layer. Use of inserts nm clectroformed 
parts is increasing, now that methods for obtaining high 
strength bonds have been devised. 

(3) The six main steps in electroforming are sum- 
marized on p 44 in “What Is Electroforming?” By com- 
parison with conventional fabrication methods, advantages 
for electroforming include: 

e Excellent precision, and accuracy in holding dimen- 
sions and duplicating fine surface detail. 

e High-quality surface finish, both inside and out. 

e Adaptable to one-piece, complex shapes—thus elimi- 
nating costly joining operations. 


e Well-suited to thinwall, lightweight parts—especially 
those where precisely varied wall thicknesses are needed. 


e Strength, density and purity of deposited metal are 
all high, but can be varied over a wide range. 


¢ Tooling is simpler and cheaper in many cases. 


Mandrel selection important 

Before the design of the proposed part is committed 
to the electroforming process—and certainly before pro- 
duction is ordered—the various mandrel systems should be 
checked over to identify the best and least costly. This 
also helps resolve questions of design detail. A technically 
and economically feasible system can often be devised, 
based on experience with a similar part. Initial guidance 
in this respect is given by Table II, which shows appro- 
priate mandrel systems for the major categories of part 
shapes. 

Shape factors will require one of three basic mandrel 
designs (see sketches at top of facing page). 

1. Permanent, hard-finished mandrels are recommended 
for convex surfaces and should be specified for large-scale 
production because they can be reused indefinitely. Per- 
manent mandrels can be segmented for some nonconvex 
shapes such as waveguide tees and irregular die cavities. 
Segmented mandrels are an added cost, however. 

2. Permanent mandrels with a fusible coating of tin or 
a graphite-wax mixture can be used for parts requiring no 
draft or having undercuts up to 0.0005 in. deep. The 
part is removed by melting out the coating. This means 
the mandrel must be resurfaced each cycle, adding to cost 
and slowing production. 

3. Destructible mandrels must be adopted for complex 
shapes having many large undercuts and concave sections. 
Materials for destructible mandrels include: lacquered 
plaster (broken out mechanically), plastic and low-melting 
lead alloys (melted out), and die-casting alloys of alumi- 
num or zinc (dissolved chemically). Parts made on such 
mandrels are, naturally, the most expensive. 

Nonmetal mandrels must be metalized to make their 
surfaces conductive. Silver deposited by chemical reduc- 
tion has completely replaced graphite as the surface-con- 
ducting film employed in the electrotyping industry. Yet, 
graphite and graphite-wax mixtures are still used for small 
lots. Sputtered gold films are applied to plastic masters 
for sound-recording because very thin films can be applied. 
Electroless nickel has proved advantageous for metalizing 
plastics, although the procedure for sensitizing the plastic 
surface and catalyzing the deposition of nickel is some- 
what complex. 
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Performance factors 


Dimensional accuracy is one of the most important 
factors affecting performance. Accuracy is limited only 
by the inherent limitations in producing an accurate mas 
ter mandrel or negative, and consequently depends on 
the mandrel material and procedure for making the man- 
drel. Table II] compares the tolerances possible via the 
various mandrel systems. Machined and polished, hard- 
surfaced metal mandrels give best tolerances. Use of 
plastics is growing because of accuracy limitations with 
fusible lead alloys or dissolvable zinc alloys, and because 
of the trend toward lower costs for molding plastics. 
Silver paints, which are easier to apply and less fragile 
than chemically reduced silver films, also are contributing 
to the increasing utilization of plastic mandrels for electro- 
forming. Phenolic and acrylic resins are the most widely 
used plastics. 

Surface smoothness of electroformed parts matches that 
of the mandrel. The surface smoothness of articles electro 
formed over cast, fusible alloy mandrels ordinarily is not 
as good as that of parts electroformed over polished-metal 
permanent mandrels. Gravity castings seldom are sound 
enough to serve as mandrels. Even pressure castings have 
limitations. In practice, the molds in which the fusible 
alloys are cast are rarely finished with a high degree of 
surface smoothness. Uneven films of parting compound, 
oxide films, and cold shuts contribute to uneven and rough 
surfaces. Furthermore, the fusible alloys cannot easily be 
highly finished because they are too soft to resist tearing 
or scouring by the common polishing abrasives. 

Surface smoothness of cast, fusible-metal mandrels can 
be greatly improved by electroplating a 0.001 to 0.002-in 
laver of copper on the mandrel and electropolishing the 
copper prior to electroforming with nickel, iron, chromium 
or silver. The copper layer is dissolved chemically from 
the electroform after the fusible metal is removed by 
melting. When copper is superposed between the fusible 
alloy and the electroformed metal, any residual “tin” 
film and oxide particles are completely removed when thc 
copper is dissolved either in chromic-sulfuric or nitric 
acid solutions. 

Mechanical properties of the electroformed metal greatl\ 
influence performance of the part. ‘Table III summarizes 
published data on properties of the electrodeposits com- 
monly employed for electroforming. ‘These data show 
that hardness, strength, and ductility are influenced by 
the procedure adopted for depositing the metal, and espe 
cially by the plating-bath composition. Nickel, for exam- 
ple, can have a tensile strength as high as 223,000 psi 
when it is deposited in a nickel sulfate bath containing 
additives. For applications requiring better ductility, a 
softer nickel with an elongation as high as 28% is avail- 
able. Thus, electroforming offers a wider range of proper 
ties than many other methods of fabrication. Further- 
more, the control of properties within a narrow preselected 
range is more feasible than possible for casting, stamping, 
and other fabricating procedures 

By contrast with castings, which are customarily porous 
and nonuniform in density and structure, electroforming 
offers high purity, freedom from porosity and homogeneity 
of density and structure. These important characteristics 
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Two composite waveguide structures electroformed over preformed inserts. 


WAVEGUIDE ANTENNA, 
(left) was electroformed over 
a low-melting alloy mandrel 
(center) in two layers: small 
flange (foreground) was 
“grown” into position at the 


end of the tee with the first, 
layer (copper); the two large 
flanges were joined to the two 
legs of the tee with the second 
layer 
silver-plated after forming. 


(nickel). Interior was 


WAVEGUIDE PARALLEL (background) 
from (front to back): two square flanges, three hol- 
low aluminum 
separated by two perforated brass baffles, and one 
square flange. 
by Gar Precision Parts Inc. 


was built up 


mandrels (which remain in place) 


Antenna and parallel both produced 


Structures electroformed over plastic mandrels 


%, 


MOLDS FOR MAKING SUN 
VISORS and other auto-interior 
parts were electroformed in 2-layer 
sandwich over silvered vinyl plas- 
tisol mandrels: 0.09 in. copper fol- 


I1V—HIGH -TEMPERATURE 


lowed by 0.03 in. nickel. Other 
common sandwiches: nickel and 
chromium, nickel and silver, nickel 
and gold, copper and tin-bronze, or 
silver-copper and nickel. 


PROPERTIES AND THERMAL STABILITY OF 


FOUNDRY PATTERNS electroformed on 
silvered cast-epoxy tooling resin. Wall thick- 
ness of electroform is %-in. nickel. Molds 
and patterns produced by the Plating Engi- 
neering Co. 


SOME COMMON ELECTRODEPOSITS 





Property - 
Electrodeposit at 1025 F 


Chromium 
Chromivm-iron 
Cobalt 
Cobalt-tungsten 
Cobalt-phosphorus 
Nickel | 
Nickel-chromium 
(diffusion alloy) 


183 to 240 
271 to 284 








Hot Hardness (VHN) 
—__————— thermal expansion, 


Coefficient of 


at 1400 F microin. /in. / °F 





64 


to 100 
91 to 


40 
340 
20 
40 











Oxidation rate 
in air at 1800 F 
mg/sq/cm/hr 


Change in length 
upon heating fo 1925 F, 
Percent 


0.28 
0.20 to 0.26 


0.32 
0.10 


—0.7 to —1.1* 
—0.6 to —0.7 


-0.8 
—0.2 to +3.8* 











* Change in length depends upon deposition conditions and bath composition. 
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are seldom duplicated in machined parts or stampings, 
and may even be lacking in forgings or extrusions. 

The control of mechanical properties, density, and 
structure depends on regulation of several deposition con- 
ditions. Some of the property-governing conditions in- 
clude bath composition, temperature, surface tension, 
cathode current density, agitation, impurity concentra- 
tions, and appropriate filtration for removing solid foreign 
particles. 

Internal stresses in the electrodeposits can cause exces- 
sive warpage when the electroformed part is separated 
from the mandrel. This is why consideration must be 
given to stress-level data of Table III while selecting 
procedures for producing precision parts with close dimen- 
sional tolerances. Stress-free copper is easy to deposit in 
a copper sulfate bath. A nickel sulfamate solution is 
useful for depositing stress-free or nearly stress-free nickel. 
Yet, a Watts-type nickel sulfate solution operated at a 
minimum temperature of 145 F is practical for depositing 
nickel with a stress level less than 10,000 psi (see Table 
III), which seldom causes excessive deformation of elec- 
troformed components. Avoidance of impurities, particu- 
larly iron, is important for keeping this stress down. 

Parts subjected to heating and cooling during service 
have shown better dimensional stability when produced 
by electroforming, by comparison with other methods of 
fabrication. Data on the thermal stability and high-tem- 
perature properties of some electrodeposits are summarized 
in Table IV. 


Design factors 


When electroforming is being considered as a fabri- 


cating procedure, attention should be given to certain 
inherent characteristics of electrodeposition before design 
features are fixed. 

Comers should be checked, for example. Electrode- 
posits generally become thicker at outside corners and 
edges than elsewhere. Recessed areas receive the thinnest 
deposits, unless special anodes or current shields are pro- 
vided to compensate for the normal metal distribution. 
The throwing power of all plating baths is particularly 
poor at inside right angles having no radius. Such angles 
should be provided with a minimum radius of 0.03 in. 
to preserve continuity and strength in the electroformed 
article. A more generous radius of 0.1 in. should be 
allowed, if compatible with design requirements. If sharp 
interior angles are imperative, preformed inserts placed 
in the angle can be joined to the electroformed article, 
but remember that such inserts will increase costs (see 
“Design with Inserts,” p 46). Acute angles, on the other 
hand, should either be avoided or provided by inserts. 
Even when such angles are designed with a generous root 
radius, cleavage planes occur that may affect performance. 

Blind holes can be included, but are subject to limi- 
tations. To keep costs down, their depth should never 
exceed the smallest dimension of their cross-section. Edges 
of the opening should be rounded with a generous radius 
to encourage the uniform deposition of metal on walls 
and bottom of the hole. Stiff wire anodes may serve 
for depositing metal on the interior surfaces of blind 
holes that have a diameter of 4 in. or more, but the solu- 
tion inside of the holes must be replaced regularly with 
fresh solution by means of vigorous agitation. 
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Anodes that conform to shape of the mandrel allow 
wall thickness to vary only 10 to 20% on shapes where 
variations of 100%, or more, would occur with ordinary 
anodes. Conforming anodes are particularly appropriate 
for articles with large, recessed areas and can sometimes 
be used without excessive cost. 

Current shields reduce the wall thickness at outside 
corners and edges, and increase thickness in holes and 
recessed areas. Placed over corners and edges, they re- 
duce the distribution of current and metal at these areas. 
Good uniformity of wall thickness is possible with plastic 
or plastic-coated steel shields integrated with the electro- 
forming fixture. Shields allow controlled variable wall 
thickness. Tapered walls needed for optimum perform- 
ance have been produced by this means in antenna, small- 
bore tubing, and other electroformed articles. 

Preformed inserts can be combined with conforming 
anodes or current shields to produce complex design fea- 
tures (see “Design With Inserts,” p 46). Such inserts must 
be tightly fitted against the mandrel. If a gap of more 
than 0.001 in. exists between insert and mandrel, the 
strength of the electroformed article will be reduced 
here, and cleavage might occur during the final separation 
step. Gaps of the order of 0.0005 in. or less are strongly 
bridged with a wall thickness of 0.01 in. or more. Pre- 
formed flanges and segmented mandrels must be sim- 
ilarly closely fitted, as for inserts. 

Strength of the joint over adjacent, preformed inserts 
usually exceeds strength of a welded joint. No heating 
is required during electrojoining, so the strength and 
dimensions of the inserts can be preserved without the 
damaging effects that must be expected during welding 
or brazing. Inserts employed in electroforming have in- 
cluded metals, plastics, ceramics, cermets, and quartz. 


For REPRINT of above article, just check 609 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: Recent articles covering methods for 
making delicate precision parts include: 

Thermoforming + Investment Process — Ultrathin-wall 
Castings, Feb 27 '61, p 42—Seven-step technique developed 
for model nosecones makes metal and plastic parts with 
walls down to 0.010 in. thick quickly and economically. 

These Ways to Solve Intricate Diecastings, Jan 2 '61, p 36 
—Simplify the diecasting and it can be fabricated cheaper. 
But what if you are designing a complex part? Here’s a 
review of the familiar rules and how you can bend them 
to your needs. 

Design Hints on Electroforming, Mid-Sep ’'60, p 174 
Article gives examples of good and bad practices, deposit 
rates for various metals, and distribution on these metals 
for angles and holes. 

Electron Beam Welds in Vacuum, July 18 ‘60, p 70 
Covers a new and sophisticated way to join most of the 
difficult-to-weld metals—highly reactive ones like zirconium 
and titanium, refractory metals like tungsten and molyb- 
denum, and high-thermal conductivity metals like copper 
and silver. 

Epoxy Parts Cast by Centrifugal Force, May 23 '60, p 45 
—A low-cost, do-it-yourself method for producing precision 
plastic parts in quantities that aren’t large enough to 
justify the high tooling cost of injection molding. 

Short-run Blanking by the Rubber-Die Process, Jan 25 60, 
p 66—This economica] method turns thin sheetmetal into 
complex shapes, and will handle runs of up to 5 
as well as models for development work 

—Ford Park 
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VARIABLE-HEAD FLOWMETERS 


WHAT ARE VARIABLE-WEAD FLOWMETERS? 


a dearest yr age ang ese hina ietgnane The standard meters do nicely if flow 


and density conditions are “right” 
—but if conditions are “wrong,” 
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. column height. °- 
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meters have long been the mhost popular and versatile - 
« much empirical data has been published on GERALD BLOOM 
cients, and sizes and combinations of sichad-aoe $econd-. Simmonds Precision Products Inc 
ary elements. ‘They offer a wire range’ of flow quantities, Tarrytown, NY 
lines sizes, materials. —Frank Hall 
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Wen flow rates vary Over a small range and the flow 


itself is relatively steady, standard variable-head meters do 


a good job. These types—orifice, nozzle and venturi—ar 
cheap, simple, sturdy, and available. But they have in 
herent limitations. Their nonlinear response gives poor 
sensitivity at low flow rates; they are sensitive to difference 
in fluid density; they are impractical for measuring 
flow rates where the flow is not completely turbulent 
(where Reynold’s number is below 4000). 

Here is an explanation of each limitation, together 
with some ways that may overcome them. 


IMPROVING THE SENSITIVITY 


Because variable-head meters measure differential pres 
sure, which is a function of the square of flow velocity, 
they are ordinarily impractical below a certain percentage 
of their maximum flow range. This percentage is hard to 
pin down exactly—it depends not only on differences in 
fluid characteristics and environmental conditions, but also 
on differences in indicators. On an exponential curve who 
can say at exactly what point the conditions change? But 
somewhere between 20 and 30% of maximum flow is the 
bottom limit of variable-head meters. For purposes of this 
article we will say the point is at 30%, which gives the 
instrument an effective range of 3:1. Below 30%, varia 
tions in flow are hard to measure. For example, at 10% 
of maximum flow, the pressure drop is only 1% of maxi- 
mum. 


Extend the range 


But suppose you want to accurately measure flow below 
the minimum limit? If the minimum flow retains turbu 
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lence, then the simplest way is to use two or more gages. 
Let’s assume a given orifice is designed for a maximum flow 
of 100 gpm, and that it is accurate down to about 30 gpm. 
In a conventional setup we would have one gage calibrated 
from 0 to 100 gpm. Now we add a second gage calibrated 
from 0 to 30 gpm. The expanded scale of the second 
gage will extend the sensitivity down to about 10 gpm. 

If the minimum measured flow does not retain turbu 
lence, then try using multiple orifices with a single gage. 
I'he original orifice will have the full 100-gpm flow range, 
the second orifice can be designed for a maximum of 30 
or 40 gpm, and more orifices can be added if desirable to 
break the flow range into smaller portions. By installing 
the orifices in parallel, each can be switched into action 
with appropriate valving whenever flow in its range is to 
be measured. 

lhe valves themselves can serve as variable restrictions, 
but because the sectional area of each opening must be 
known exactly, micrometer or turret valves must be used. 
l'urret-valve orifices can be examined and cleaned through 
an access port without disturbing the installation. 

Both methods are hard to record. Some means must 
be available to change the range automatically and the 
appropriate indication of range must be marked on the 
recorder trace. 


Make it linear 


If vou must accurately measure the entire range from 
0 to 100 gpm, here is another suggestion. 

Use a recirculating pump and an orifice designed for 
300 gpm. If 200 gpm are constantly recirculated through 
the system, any flow of 0 to 100 gpm to be measured will 
be between 66 and 100% of maximum flow to the orifice. 
Ihe gage can be calibrated from 0 to 100, with zero at 
the preloaded 200 gpm. The recirculating pump damps 
out pulsations in the flow to be measured, but adds some 
of its own. A pump should be chosen that has pulsations 
of small amplitude and high frequency. Or an accumulator 
or air chamber can be used. The pump must also have 
high volumetric efficiency. Leakage varying with pressure 
will introduce errors because the recirculating flow is not 
actually constant. 


Magnify sensitivity at low flow 


Often a fluid-supply circuit consists of a positive dis 
placement pump with a pressure regulator or relief valve 
bypassing excess flow, and an orifice meter measuring the 
rate flow is supplied to the system. Because the pump 
output is constant, the rate at which fluid is bypassed is 
also a measure of flow into the system. If you relocate the 
orifice in the bypass line, you may get a more useful sig- 
nal. The characteristics of flow rate versus pressure differ- 
ential will be inverted because, as the flow to be measured 
decreases, bypass flow increases, so pressure differential 
(and sensitivity) is highest at low flow rates. 

Pump requirements are not as stringent for a bypass 
flowmeter as for the recirculating meter. A good regulator 
valve, referenced to the atmosphere, will maintain con- 
stant system pressure, and pump output will be constant 
even if its volumetric efficiency is relatively low. Smooth- 
ness of output is important, so regulator-valve chatter is 
detrimental. Maximum pressure drop through the orifice 
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VISCOUS FLOWMETER FOR LIQUIDS 


VISCOUS FLOWMETER FOR GAS (Curves, Amplex Div. Chrysler Corp.) 
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and piping must be lower than the regulator setting by at 
least a few psi. 


MEASURING VISCOUS FLUIDS 


At low flow rates, Reynold’s numbers enter the pic- 
ture. These numbers are a dimensionless index of ratio of 
inertia to viscosity. When the number is high, inertia 
forces predominate and viscosity forces are insignificant; 
when Reynold’s number is low, viscosity forces are im- 
portant. They cause the discharge coefficient to become a 
variable, seriously complicating measurement. 

As long as fluid flow is turbulent, the Reynold’s number 
is high enough to use an orifice meter. As flow rate de- 
creases, turbulence ceases and flow becomes laminar (at a 
Reynold’s number of about 2000). Viscous, or laminar 
flowmeters are available that measure flow right down to 
zero and at Reynold’s numbers less than one. They are 
linear, accurate and are unaffected bv density variations, but 
are affected by viscosity changes. They are ideal for meas 
uring pulsating flows. 


Viscous (Laminar) Flowmeters 


The viscous flowmeters operate on the principle of flow 
through a capillary tube. This is known as Hagen- 
Poisenille law and the equation is 


Q= Ka pe 
7 


where O is volumetric flow rate, cu in. per sec; K is a con- 
stant; Ap is pressure differential, psi; » is viscosity, center- 
poises; d is tube diameter, in.; ] is tube length, in 
Although the viscous meter is generally considered a 
low flow-rate device, both National Instrument Labora- 
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tories and Meriam Instrument Co produce meters capa- 
ble of measuring large flows (1000 cfm and up) by using 
restrictions consisting of many very small passages in paral- 
lel. In some meters the passages are capillary tubes; in 
others they are porous plugs made of cotton, steel wool, 
or glass wool. Some of the newer meters are linear up to 
a Reynold’s number of 1000. These meters are used for 
gas measurement only, because of the predictability and 
smaller magnitude of viscosity variations with tempera- 
tures for gases as compared with liquids. Correction factors 
for temperature are supplied with the flowmeter. Because 
flow passages are necessarily very small, the gas must be 
carefully filtered upstream of the meter. 
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A viscous flowmeter for liquids can be made by using 
ordinary sintered metal filters. For good results, viscosity 
must be kept relatively constant. Because viscosity is 
affected by temperature, holding temperature constant will 
control viscosity. As illustrated, the flowmeter consists of 
a very fine filter element, heating element, thermostatic 
switch, a second filter (not as fine as the first) which will 
serve as the viscous flow element, and two pressure taps. 
A means for backflushing flow element should be provided. 


MEASURING MASS FLOW 


Certain applications, such as measurement of fuel, re- 
quire mass flow rate for horsepower or thrust computa- 
tions. The ordinary variable-head flowmeter cannot be used 
to measure mass flow without special circuitry and equip- 
ment such as a densitometer. Here are two designed espe- 
cially for mass flow. 


For Gas Only 


National Instrument Labs (NIL) makes a mass flow- 
meter for gas measurement. It is basically an orifice meter, 
but the orifice area is modified by line pressure and tem- 
perature acting on a bellows-actuated needle valve which 
projects into the orifice. The bellows contains the same 
gas as that being measured. This meter is shown above. 


For Liquid Only 


A differential pressure meter for measuring mass flow 
rates of gas is available from Simmonds (patent pending). 
It uses recirculating flows and measures the difference be- 
tween pressure drops across two orifices. 
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pQ 


4h=kgleQ/ when Qmax>@q 
42 =Kg(pQ/ when Qmox <q 


If two equal and constant recirculating flows (q) pass 
through two matched orifices so that one q is subtracted 
from flow to be measured (Q) through one orifice and the 
other q is added to O through the second orifice, the 
difference between pressure drops (Ap) across the two 
orifices is 


AP; — AP, = Ko +2Qt+g-@+2Q-¢ 


AP: — AP; = 4KqoQ 


or 


where K and q are constants. 


Making the recirculating flow larger than the maximum 
flow to be measured sets the pressures upstream of each 
orifice equal, therefore the difference in downstream pres- 
sures become linearly proportional to mass flow rate. 

Another flowmeter using the same principle consists of 
four matched orifices and a single pump in a form similar 
to a Wheatstone bridge. If the recirculating flow is set 
higher than that of maximum flow to be measured, pres- 
sure drop is sensed across the flowmeter (inlet to outlet). 
If recirculating flow is set lower than maximum flow to be 
measured. pressure rise is sensed across the pump, and 
minimum flow rate is limited to q. 

Either method can measure low flows very accurately, 
and very viscous fluids can be handled without viscosity 
effects. The linear signal permits sensing pulsating flows 
without need of error correction even if flow direction 
reverses, and gives a true picture of flow conditions when 
used with a recorder. No correction is needed for wide 
variations in density because of temperature or fluid 
changes. @ 











PRODUCT DESIGNS 


Air bearing supports recording head 
while varying clearance to maintain 
uniform recording capacity despite 
varying track length. Hydraulic 


positioner locates magnetic heads in 
milliseconds to keep pace with 
electronic switching. 


THE DISK STORAGE is a file with ability to accept 
data in random sequence and deliver specific 
information upon request. Typical applications for 
such equipment: in banks for depositor records, 
in insurance companies for policy data. 

Unit consists of 2 modules, each with 25 disks 
(24 in. dia) that spin at 1800 rpm; a magnetic head 
transducer for each disk surface; the hydraulically 
positioned access system; and the electronic 
circuitry needed to locate or transfer recorded 
information. All magnetic heads of each bank of 
disks are positioned in unison, so each head is on 
the corresponding track on its own disk. In the 
preferred method of addressing data to information- 
storage locations, switching proceeds from disk 
surface to disk surface before movement of the 
heads to the next track on the disk is called for. This 
“cylinder concept” is important because it reduces 
data access time to a factor of microseconds by 
Mognetic. heads c we electronic switching 
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HYDRAULIC ACTUATOR for each 
module of 25 disks is connected to a 
single positioning block assembly. All 
access arms and their magnetic heads 
plug into the positioning block and 
move in unison. Block and access arms 
are driven toward or away from center 
of the spinning disks by the single-axis 
open-loop hydraulic actuator: Located 
directly behind the access-arm block, 
the actuator is connected to it by a 
yolk and two flexure arms. 

The actuator has two positioning 
systems: a coarse positioner (slave 
cylinder) for all multiples of 10-track 
increments and a fine’ positioner 
(piston adder) for all unit increments 
of 0.020 in. The coarse positioner uses 
glob adders to transfer a measured 
volume of fluid to move the piston rod. 
Precise positioner uses the piston ad- 
ders, which move the complete floating 
slave-cylinder assembly including the 
piston rod. Travel from one track to 
any other track therefore is the sum 
of the motions of the glob adders plus 
the piston adders. Cumulative accu- 
racy, which includes manufacturing 
tolerances and hysteresis is plus or 
minus 0.0015 in. over a 5-in. travel. 
The actuator is capable of moving the 
13.5-lb mass at peak velocities of 80 
ips. 

Hydraulics for the piston rod motion 
are contained in the closed system 
which connects the slave cylinder, 
shuttle valve and glob adders. Each 
glob-adder cylinder is calibrated to 
hold the precise amounts of oil needed 
to produce piston rod motion in incre- 
ments of 10, 20, 50 or 100 track mul- 
tiples. Since a piston in each cylinder 
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is used to separate the oil in the power 
supply from the oil in the closed sys- 
tem, a “Re-zero” valve enables the 
closed system to be recalibrated at 
the start of operations. 

The power-supply side of each glob- 
adder cylinder is connected to a sole- 
noid-actuated, hydraulically powered 
spool valve. When the solenoid is de- 
energized, oil from the power supply 
passes through the spool valve to the 
glob-adder cylinder and keeps the adder 
pistons in the upper position. When the 
solenoid is energized, the spool valve 
dumps the oil in the power-supply side 
of its adder cylinder back to the sump. 
This permits the piston to be driven 
down by the slave cylinder bias pres- 
sure, drawing a calibrated quantity of 
oil from the slave cylinder and moving 
the piston rod. Therefore, to pick a 
specific control valve is to subtract 
that valve from the piston rod. Since 
the piston rod faces away from the 
center of the memory disk each sub- 
traction by the adder cylinder moves 
the access arm block connected to the 
piston rod toward the center of the 
disks. 

For controlled acceleration and de- 
celeration of the piston rod, the glob 
adder pistons have a tapered slot cut 
at both ends plus an adjustable needle- 
valve bypass. This provides the re- 
quired damping to slow the piston rod 
as it approaches the selected position. 
Ball check in the bvpass allows unre- 
stricted flow into the cylinders from 
the power supply. 

Detent engages piston rod when de- 
tent-valve solenoid is energized, direct- 
ing power supply pressure (550 psi) to 


detent-piston and shuttle valve. Detent 
is actuated a prescribed time after mo- 
tion signal is accepted by time-delay 
circuit. In addition, detent cannot be 
fired until sensing element indicates 
piston rod motion is less than 10 ips. 

Detent valve also actuates the shut- 
tle valve to reduce pressure in the 
slave cylinder to 275 psi. This matches 
the force exerted by the bias pressure 
of the slave cylinder. Bias pressure is 
actually 550 psi but contacts an area 
equal to one-half of the sealed end of 
the piston rod. This balances the force 
on the piston rod and permits the de- 
tent to seat easily. 

For movement of unit quantities (0 
through 9) the piston adder moves the 
entire slave cylinder assembly. One 
end of the piston adder butts against a 
fixed reference and the other end con- 
tacts an anvil on the detent housing. 
The adder is composed of five sections, 
each capable of moving a fixed dis- 
tance. A section consists of a capsule 
and piston, which separate under 
power-supply pressure to the limit of 
their travel. Each capsule, excepting 
the first, rests against the preceding 
piston, therefore dumping the oil in 
a piston or combination of pistons, 
through the solenoid-operated control 
valves, contracts the length of the 
piston adder assembly the desired 
number of units. As with the glob ad- 
ders, line pressure is admitted to the 
pistons when the solenoids are deen- 
ergized. Bias piston on the opposite 
side of the detent housing keeps the 
piston adders and detent housing in 
contact at all times. 


continued next pawe 
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SPACING—OF MAGNETIC HEAD TO 
DISK—is maintained by an air bearing 
created by the viscosity of the air trapped 
between the rapidly spinning disk and the 
slightly convex metal shoe into which the 
magnetic read and write head fit. Because 
the shoe is mounted in a gimbal, it is free 
to follow disk contours. 

Air speeding by the shoe is caught in a 
narrowing gap with the result that the air 
pressure is built up to force the head 
away from the disk. To balance this gap- 
opening force, a 350-gm load is applied 
through a torsion bar. The upper and 
lower head are mounted between each 
pair of disks and the torsion bar is used 
to apply the load to both heads simultane- 
ously. A linkage operated by rack-and- 
gear assembly loads all heads on the po- 
sitioning block at one time. 

The linear speed of the recording 
tracks, past the magnetic head, varies 
with their radial position on the disk. 
This produces changes in air bearing pres- 
sure and results in changes in head-disk 
spacing. Surface speeds range from 1200 
to 2100 ips; spacing, from 250 to 350 
microin. This natural variation of the 
head-disk spacing maintains the same 
total recording capacity on each track on 
the disks. This is possible since the nearer 
the magnetic head gets to the disk, the 
more densely it is able to record data. Re- 
sult is that at the lower linear surface 
speeds near the center, the head ap- 
proaches the disk, and data density rises. 
As the head moves outward, the speed 
and head/disk spacing increase and data 
density falls. Therefore each track can 
retain 2500 data characters despite the - 
wide difference in circumference and Read-write head 
linear speed. , ae 


hy dl 
®  Jorsion 
bor 


Plug in 
connection 


PS .. . Random-access storage system 
has a capacity of up to 50 million char- 
acters per unit. Used with electronic 
data-processing systems, the disk stor- 
age can read data at the rate of 625,- 
000 magnetic bits per second. Access 
motion time—the time needed to locate 
a data track in the file—is 50 to 180 
millisec. In addition, longer record 
lengths (up to 2500 characters) can 
be stored. Type 1301 Disk Storage 
was developed by IBM’s General Prod- 
ucts Div, Development Laboratory, San 
Jose, Calif. 
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is your 


Dratting Room Manual readabie? 











To answer that, ask yourself these 
5 questions. They will show'you where’ 
it can be improved and how it can be- 
come a useful working reference. 


DRS W BROSSMAN, chairman 
Language Arts Div 


Chaffey College, Alta Loma, Calif 


How many draftsmen actually read the company draft- 
ing manual? Probably not very many. And who can 
blame them? Most DRM’s are too wordy, too detailed, 
too overburdened with unnecessary information, too dis- 
organized to serve as a useful drafting aid. If the DRM 
is to be an active reference—not simply an archive for 
company policy—it must be written so that it invites 
draftsmen to read it. 

The savings are twofold. First, there is the reduction 
in man-hours. Draftsmen won’t waste hours hunting 
for what they need, then waste more time trying to in- 
terpret it. Second, a properly edited DRM promotes better 
workmanship. Drawings will follow company practice and 
there will be little risk of a costly misinterpretation in the 
shop. 

Here are five questions to ask yourself when rewriting 
or reviewing your drafting manual. These, plus examples 
on the next two pages, will guide you in presenting your 
company’s drafting practices in an efficient, readable 
fashion. 


1. Can it be said with fewer words? Sentences in ref- 
erence works should always be short, to the point. Don’t 
aim for a literary masterpiece and, above all, don’t adopt 
the idea that you are writing an ironclad legal document. 
Draftsmen and engineers on the board don’t have the time 
to pore over the meaning of complex sentences. And they 
aren't going to try to find ways to circumvent the rules— 
they'll have enough trouble trying to decide what the 
rules are. 

When you write (in reference to drawing titles), “A 
basic noun phrase is a group of the minimum number 
of words which establishes a basic concept of an item 
when no single noun is adequate for that purpose,” think 
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again. These are too many words to get across the idea 
that the basic part of a drawing title may need more than 
one word. And it is better expressed by an example. You 
could say, “Example: Write CONTROL BOX, PUMP; 
not BOX, CONTROL, PUMP.” 

Writing a reference work isn’t particularly tricky. It 
only requires that you give words the same thrifty respect 
you give money. Wasteful phrases and uneconomical sen 
tences only waste the draftsman’s time. Don’t use two 
words where one will do. The phrase “hidden or concealed 
edges” is no more explicit than simply “hidden edges.” 

Avoid page after page of unbroken text. It won’t be 
read. Men on the board haven’t time to settle back and 
read a long thesis. Sections on “Application of Dimen- 
sioning and Tolerance Practice,” for example, are usually 
too long. Employes can’t be expected to read short stories 
and novels about dimensioning and tolerancing. All the 
DRM need do is include enough information to insure 
that practices will be uniform. 

Some information can be left out entirely. Why say 
“Characters shall be sufficiently opaque to be legible 
when reproduced either to full or reduced scale, by any 
generally acceptable method”? Presumably the writer 
put that in to protect himself in case someone asked, 
“Why didn’t you say something about pressing hard on 
the pencil?” 

2. Is this explanation necessary? Ask yourself that ques- 
tion when you begin an introduction to a section. Most 
of the “General” paragraphs in traditional DRM’s are 
put in merely by habit, protocol or formality. Whatever 
the reason, they are artificial statements and will not be 
read. When a writer is compelled to say something, prob- 


text continued, page 59 
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Example 3.50 


Lf the out of scale dimension(s) cause the view to be distorted to such ax extent that con- 


fusion may result, the view(s) affected shall be changed to scale. If « drawing is redraws, 
all out of scale dimensions shall be brought to ecale 


ORIGINAL REWRITE 








QRAITING ROOM MANUAL 


3.3 LETTERING 


3.3.) GENERAL. Lettering on drawings shall be legible and suitable to easy and rapid 


execution 
2.3.2 STYLE Btyle shall be single stroke, upper case. commercial Gothic, sacept 


wheo typewritten characters are used. Vertical characters are preferred, although 
inclined characters of approximately 22° right hand slant may be used 


ONLY ONE TYPE OF LETTERING SHALL APPEAR ON ANY ONE DRAWING 


3.3.4 METHODS OF EXECUTION. Lettering on drawings may be frephand or by means 
of lettering guides. typewriter_or lettering machine. “Characters shall be sufficiently” 
opaque to be legible when reproduced. either to ful! or reduced scale, by any generally 
acceptable method 

Letters-ehail be placed so as to be read from the bottom of the drawing 

43.4 FRAC TIONS. Where common fractions are used, the bar separating the elements 
of the fraction shail be Sorizostal. Common fractions in tables, notes, lists, ete., or 
whes madeby a typewriter/or similar machine, may have « diagonal bar provided that in 
mixed numbers the whole number shal! be separated from the fraction by a byphen 


Exampice 


mmon fraction 
Mined numbers 
3.3.5 SIZE AND SPACING. The minimum sise of lettering after reduction should not 
be less than 05 inch.’ Spacing between hand lettered lines shal! not be less than 09 inch 
Types and sizes of letters and figures shall be as illustrated below 
Drawing and piece number 


Ciassification title and detail ite 


DETAIL 
) 


ORIGINAL REWRITE 


TOO MANY WORDS slow the reader. In these two examples, 
the rewrite is only about 2/3 the length of the 
original, but all the content has been retained. 
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ably against his better judgment, he'll usually end up 
saying something foolish and unnecessary. Example: “The 
issuance of Drawing Notes establishes drawing note usage 
and composition patterns.” Just what are “composition 
patterns”? And why should they, whatever they are, be 
mentioned at all? 

Draftsmen don’t need to know all general policies and 
all reasons behind all the rules. Most rules are self- 
explanatory. So why force readers to wade through such 
unnecessary explanations as: “The rectangular dimension- 
ing system is a method for indicating distances, locations, 
and sizes by means of linear dimensions measured parallel 
to reference lines or planes which are perpendicular to each 
other.’’? 

It is assumed that the DRM reader has had some draft- 
ing experience and has average intelligence. There’s no 
need to write “drawing numbers shall be entered in the 
drawing number block provided for on drawing forms” 
unless you’re trying to reach some half-wits. ‘Average 
intelligence” is subject to definition, but you'll have to 
decide whether the mentality of your personnel is so low 
that you must develop in detail the thesis that “sheets 
shall be numbered consecutively. ‘d 


3. Does this belong in the DRM? Draftsmen have no 
need for design information; even if they understood it 
they're not expected to use it. So why include it? For 
example: 

e Setting of tolerances is not the job of the draftsman; 
he merely reproduces them. Long dissertations about 
“Amount of Tolerance,” “Range of Tolerance,” “Tool and 
Gage Tolerance,” “Interchangeable Assembly” and “Cumu- 
lative Tolerance” belong in the design manual, not the 
drafting manual. 

e Methods for computing average surface roughness are 
of no interest to draftsmen. Knowledge of these formulas 
will not help maintain high drafting standards. But this 
information is important to the designer. Here is another 
example of material that can be transferred directly from 
the DRM to the design manual. 

e The sections on numbering systems in most manuals are 
larger than they need to be. In practice, about all the 
draftsman need do is use the drawing number given him 
by the design engineer or request a new number from 
the release group if the size of the vellum is changed. 
Detailed instruction on how to formulate drawing num- 
bers and dash numbers is a waste of time and paper. Para- 
graphs on “Drawing Number Breakdowns” and “Config- 
uration Numbers” cannot be construed as drafting prac- 
tices; therefore, they should be cut out of the DRM, along 
with the sections on “Preliminary Design Drawing Num- 
bers” and “Special Project Drawing Number Break- 
downs.” 

If the purpose of the DRM is clearly understood, there 
will be no haggling over what’s supposed to go into it 
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and what's supposed to go into some other manual. The 
DRM should be limited to practical drafting instructions 
for on-the-board drafting personnel and arranged for 
ready reference. Without these guidelines, the DRM 
will become a catch-all for unnecessary and inappropriate 
information. 


4. Will an illustration explain this better? One small 
sketch will sometimes save several pages of text. And 
there is an added bonus: Readers will look at an illustra- 
tion when they're too busy to read text. So you'll get 
your point across quickly and painlessly. 

One place where illustrations will help is the section 
on line conventions. Place the sketch directly below the 
descriptions of the lines. Don’t say, “the same width as 
a center line.” A thin line is a thin line. And on the 
same drawing all thin lines—whether they be center, 
dimension, leader or extension lines—are the same width. 
Similarly, avoid such descriptions as “less prominent than 
outlines or visible lines.” Obviously, a medium line is 
thinner than a thick line and if you supply illustrations, 
there is no need for further explanation. 

Wherever possible, put the sketch on the same page 
with the explanation, preferably directly below the ac- 
companying text. Strangely enough, many DRM’s are 
put together with up to 10 pages between the descrip 
tion and figure described. Page-thumbing wastes the read 
er’s time and distracts him from the point the writer is 
trying to make. 


5. Is the material logically organized? Major sections 
of the manual (Drawing Sizes, Line Conventions, Drawing 
Notes, Drawing Titles, etc.) are not difficult to arrange 
in logical order, but the subdivisions in each section can 
cause trouble. When organizing, remember these rules 
(1) Start with the most important rules and proceed 
to less important rules, and (2) combine related informa 
tion to get the minimum number of major subdivisions. 

Don’t identify subdivisions and paragraphs with long, 
cumbersome, multi-decimal numbers. These have become 
standard in many DRM’s: a subdivision is numbered 3.5, 
the following paragraph is numbered 3.5.1, followed by 
a subparagraph numbered 3.5.1.1, and so on. In some 
DRM’s you're up to 7 digits by the time you get to the 
second page. Numbering systems like this invite errors 

and encourage draftsmen to ignore the svstem al- 
together. 

A simple lettering and numbering system such as I, A, 
1, a, should be adequate for most manuals. Page numbers 
are not needed because pages will be added and removed 
from time to time to keep the manual up to date. An- 
other tip: try to break the habit of concluding a section or 
paragraph by referring to earlier paragraph numbers. These 
cross-references are usually unnecessary. ‘The reader can 
find the information in the index if he needs it. 


continued, next page 
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DRASTING BOOM MANUAL 


> @ ~ DIMENSIONING AND TOLERANCING 
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rocedure is divided into four parte and presented in the following order 
METHODS OF DIMENSIONING 

METHODS OF TOLERANCING 

DIMENSIONING AND TOLERANCING PRACTICE 
POSITIONAL TOLERANCING 


(Paragraph 3.9 1) 
(Paragraph 3.9 2) 
(Paragraph 3.9.3) 
(Paragraph 3.9.4) 


8.2.1 METHODS OF DIMENSIONING 
mensioning that shal] be used «here app 
objects delineated on drawings 


This part deals with the elements and rules of 
able to define geometric characterist'ce of ee 
a Qnnt Taw 
. AE wnkine 
‘1.9.1.2 DIMENSIONS AND INDICATIONS. Dimensions are indicated by the use of lives le cia Ap” / 
symbols, numerais, and notes on drawings to define geometric characteristics such as \ 4 * bes 
engths, locations, diameters, angles, etc Iwan nroerenrg 
- ak 
\ 6.24 one: 


3.3.1.2 ( INTERPRETATION OF DIMENSIONS. Ip applying the rules given in this pro- 
jure. it is important that the statement of # dimension should be clear and permit only 

ne interpretation. It is permissible to deviate from the ordinary rules of dimensioning 
unusual instances only if clarity can be improved 


\ a 
tte sete Ts 
ian. ene ets 

par nirnl Sdp Si — 


‘ j ‘0.8.1.3. DIMENSIONAL SYSTEMS Size, form, and location may be specified by means 
Vand ne Ot ae 


\ > two fundamental dimensional systems - rectangular dimensioning and angular 
PO hnins. np ccmsiinwvs) 
Saad weition % 
“De <b Sic at Gina 
s ~~ 


— “a 2 


RECTANGULAR DIMENSIONING. The rectangular dimensioning system is 0 

for indicating dis locations. and sizes by means of linear dimensions meas 

= “! ¢\ to reference lin « planes which are perpendicular to each other See + 

: ™ ax 
Om Wane fos 

BN pdemetian bb pmee |l ¢ 1, and in all othere where no tolerance te shown, it 


ure 1 shall be assumed that the 
A CBDR i: v missibie variations 


n the dimensions are covered by a general tolerance note 


1.3.2 ANGULAR DIMENSIONING 
for indicating the position of a point 
ther than the 90° angle implied by the 


The angular dimensioning system is » method 
ne or surface by means of linear dimension and angle 
rizontal and vertical center lines. See Figure 2 


4.9 1,3.) PREFERRED METHOD OF DIMENSIONING. The rectangular method gener- 
Tr. especially when tolerasces are close Both systems, 
# The angular method often is useful for purposes 
{ several holes on & common arc, or dimensioning gradu 
given surface or any given poist must be located only by 
where points of tangency are determined by radii. See > 


ular scale. Any 
the rectangular system. except 
Figure $1 
‘ eee ee 
~/ 


oan angel ~) 


ORIGINAL 
nb. BO fae Eons 


OVER-EXPLANATION is sometimes worse 
than none at all. The writer of these original 
pages apparently felt compelled to spell out 
every detail—and lost the reader in a welter 
of obvious information. The rewrite (at right) 
extracts only the significant information and 
uses sketches in place of text. 


ag SP oa 
4 : 


And don’t forget the index. Like any good reference 
work, the index should be as thorough and complete as 
possible. If the writer spends a little additional time here, 
many hours of valuable drafting man-hours will be saved. 
And it will assure the draftsman that the information he 
needs is right at his fingertips. 


EDITOR’S NOTE: For further tips on how to write more 
effectively see: 

How to Start to Write a Report, Jan 23 ’61, p 46—The 
proper attitude toward writing can make a big difference 
in the result. 

How to Write Standard Operating Procedures, Aug 1 
60, p 46—Those leaflets that detail proper methods of 
getting things done can be more effective if carefully 
thought out beforehand. 

Five Experiments in Technical Writing, May 2 ’60, p 55— 
The authors decided to test five “rules” of good writing. 
Some are true; other are not. 

Reading, Writing, Reporting—A combined reprint includ- 
ing “8 Steps to Better Engineering Writing.” To get your 
copy, send $1 to Reader Service Dept, Product Engineering, 
330 W 42nd St, New York 36. —Charles J. Lynch 
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Figure 2. Angular Dimons iaming 


39.14 THICKNESS OF LINES. The thickness and composition of dimension, exten- 
sion, ceater, and other lines described in the following paragraphs are specified in sub- 
eect 2, LINE CONVENTIONS 
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1 DIMENSIONING AND TOLERANCING 


i RECTANGULAR DIMENSIONING, as below, [e the preferred method 


-| 4 


GULAR DIMENSIONING, ae below, may also be used 


PRODUCT ENGINEERING - JUNE 5, 1961 





) Shes 
how to listen | geen 
ors 
ee we 


E J TANGERMAN, editor 


Is there some way to improve your “listening power’? 
The psychologists say yes. Here, in three short articles, is 


what we’ve been able to find on the subject. 


@ In these days of committees and task forces, briefings 
and seminars, more of your time is going into what should 
be—or is hoped to be—profitable personally, the business 
of listening. Our most common way of conveving informa- 
tion, at least at ordinary levels, is by word of mouth. 
We've talked for years about the importance of speaking 
well, but said almost nothing about an equally important 
function—listening well. 

To the engineer, listening is vital. He must often pick 
from conversation, verbal reports and spoken comments 
the bits of information that he pieces together into a 
new design or the improvement of an old one. The same 
sources often provide new concepts, or solutions to vexing 
problems. So he’d better be able to listen—and to remem- 
ber what he hears. 

How is it done? Is there some way to improve your 
“listening power?” ‘The psychologists say yes. Here then 
we present, in three short “takes,” what we’ve been able 
to find on the subject. It is a continuation of our series 
on Writing and Reporting that you found so useful (a 
combined reprint, “Lessons in Better Reading Writing & 
Reporting,” is available for $1 from our Readers Service 
Dept). 

Ninety-eight percent of all you learn comes through 
your eyes and ears. Seventy percent of your waking time 
is spent in communicating verbally: 9% of it in writing, 
16% in reading, 30% in speaking, 45%—almost half—in 
listening. Yet most of our schools stress the teaching of 
writing by building-block methods, and so-called “im- 
provement reading” ends in the sixth grade. It is not sur- 
prising, therefore, that most of us read at the sixth-grade 
level, or that most of us listen at 25% efficiency. 

In 1940, Dr Harry Goldstein of Columbia discovered 
that it is perfectly possible to listen to a speech at three 
times the normal rate without a significant loss of compre- 
hension. In other words, the normal speaking rate of 125 
words a minute, which we slow to 100 words a minute so 
“people will understand,” is far below the rate at which we 
think, so the mind continually darts away—or tries to— 
from the subject being talked about. Unless we school 
ourselves to remain attentive, the mind goes away—and 
stays. That’s why we “forget”—we don’t really listen. 
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Having speakers talk with more idea content, or talk 
faster—these are two partial solutions to the problem. 
But the real one—from the listener’s standpoint—is to learn 
to listen. If you test listeners immediately after a lecture, 
their recollection or retention is only 50%; two weeks later 
it will have dropped to 25%. The important thing here 
is the speed with which we forget what we’ve heard, under- 
lining the necessity of immediate mental review of the key 
points the speaker has made as well as the necessity for 
taking adequate notes. More will be said later about both 
of these points. 

Can you listen? Do you? It’s a hard thing for an engi- 

neer, who tends to be analytical, to become personal; it’s 
harder still to listen when the speaker “beats his subject to 
death” trying to be sure everybody supposedly listening 
gets what he is saying. Actually, his reiteration is probably 
defeating his own purpose. But our subject here is not him, 
but you, and how you can get the meat he’s trying to 
convey. 
How to listen . . . There are three simple steps to good 
listening. They utilize the speed of your mind (four to 
five times as fast as you talk) and help to hold it in line. 
Here they are, according to Dr Ralph G. Nichols of the 
U of Minn: 

1. Anticipate the speaker's next comment. If you're 
right, you’ve won a mental bet and double learned the 
comment. If you’re wrong, you learn by comparison and 
contrast. How can you lose? 


2. Identify elements of what he’s saying. There are 
three ways to build an argument: by explanation, by 
harangue (emotional appeal), by factual illustration. Which 
is the speaker using? Or is it a combination? 


3. Make mental summaries. Go back over what the 
speaker has said and recapitulate his major points while 
he’s still talking. This defeats your mind’s willingness to 
forget, organizes the content, so your response can be 
comprehensive. @ 


Next week: Ten bad habits of listeners. 
Editor’s Note: This series, when completed, will be available as a free 


reprint. Simply circle 608 on the Reader’s Service Card in this issue to 
reserve a copy. 
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Don’t blindfold him! 


HE MAN in this picture is a cancer research scien- 
‘| tist. The device he is using looks like something 
out of science fiction—but actually, it’s an electron 
microscope. It shows the sub-microscopic detail of a 
cancer cell—magnified 100,000 times. The cost of one 
electron microscope is $35,000. 

Some of the equipment needed for cancer research 
is even more expensive. 

Today, in research centers throughout the country, 
1300 scientists, supported by American Cancer 
Society funds, are at work searching for the cause of 


cancer — and, ultimately, ways to prevent it. 


The American Cancer Society grants millions of 
dollars for research on such projects as the study of 
viruses as a possible cause of cancer the develop- 
ment of hormone treatments for cancer—the control 
of cancer by drugs. Life-and-death projects. 

Your help is needed to enable the American Cancer 
Society to continue this support. 

Don’t blindfold cancer research. Give to it. Send 
your contribution now. to CANCER, c/o your local 
post office. All gifts are tax-deductible. 


AMERICAN CANCER SOCIETY 
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FINDING THE ROOTS OF 


QUADRATIC EQUATIONS 


This nomograph solves any question that can be put in the 
form of y = ax* + bx + ¢, and with less chance of error. 


M W LOFTUS 


Cost reduction engineer 
Chicago 


The mechanics of solving a quadratic equation by 
the binomial theorem are easv, but more than one 
engineer has tripped in a tangle of roots and sign 
changes. With this nomograph there is a minimum 
of figuring, and you can actually see what you are 
doing. For most engineering work, its solutions arc 
accurate enough—but even when not, they are a 





good check. 


EXAMPLE I: For a right circular cone surface area 
S = ar (€ + h?)! 
If S = 20 ft’, and height h 1.10 ft, find the 
radius of the base r. 


Solution: Square both sides of the equation and 
transpose to get the form 
m= h*r? +; 

Substitute the known values 

ré = — 1.217? + 40.57 
Instead of solving by the binomial theorem, substitute 
y for r and x for r° 

y = — 1.212 + 40.57 
and substitute convenient values for x, such as x 
10, —10, that make y positive. When x 10, \ 
= 28.47; and when x = — 10, 4 52.67. Plot 
these points on the nomograph and draw a line bc 
tween them. The roots are where the line crosses 
the curve. Positive root x* = 5.79, so x = 2.43 


continued, next page 


O 
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DESIGN FILE continued 





THE ROOTS 
OF 
QUADRATIC EQUATIONS 





EXAMPLE II: An antiaircraft gun is 
going to fire. How long should the 
gun’s computer allow for the shell to 
reach the plane if the angle of the bar- 
rel a = 30°, muzzle velocity v, = 
2000 fps, gravitational constant g = 
32.2 ft/sec? and the plane’s altitude 


SeeeeOPEVUPUS UCC TOCUCEVVURECVOUVOT SOT TET? TT 








Values of y 
TTT TTT TTT TTTTTTTIT TTT TITTY] TITTY TT h = 4000 ft? 
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X JO SanjDA 


Solution: Altitude h = (sin a) vot 
= gt*/2. Transpose and divide to 
work the equation into the form 





t? = 2 (sin a) v.t/g — 2h/g 
Substitute known values 
@ = 62.2t — 249 


and then substitute y for t? and x 
for t. 


y = 62.27 — 249 


Assign convenient values for x, 
such as x = 4.5, 5.5. Plot the result- 
ing points x = 4.5, y = 30.9, and 
x = 5.5, y = 93.1 on the nomograph, 
and draw a line between them. The 
root t = 4.3 is where the line crosses 
the curve. 


TOTTI TTT TTT at 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Subminiature solenoid 
valve... 
available from stock in 3-way, normally 
closed version (3-way normally open, direc- 
tional control and 2-way NO and NC 
valves available shortly) gives high flow in 
package measuring only 1 in. dia x 2} in. 
high and weighing 5 oz. Orifices are & 
in. and fluid connections are all yy in. 
PTF, with fittings included to make con- 
nections with 4-in. tubing. Operating dif- 
ferential pressures run from a vacuum of 5 
microns to pressures of 150 psi. Burst pres 
sure is 4000 psi; proof pressure, 14 times 
max operating pressure; cycle rate, up to 
600 cpm; max power requirement, 7 w; 
response times, (ac) 4 millisec to open, 4.5 
millisec to close, (dc) 10 millisec to open, 
16 millisec to close. Temp range is ambient 
—40 to plus 180 F and heat rise, 185 F 
for continuous duty. Electrical housings are 
available with single grommet or }-in. 
NPT conduit which can be rotated 360°. 
Soft, synthetic inserts provide bubbletight 
sealing. Has stainless steel body and operat- 
ing parts and can be used with all common 
media, including many  semi-corrosive 
fluids. Three-way, normally closed series 
priced from $14.75 to $16 each. Skinner 
Electric Valve Div, New Britain, Conn. 
Circle 300 on Reader Service Card 


60-amp power plug... 

is molded in corrosion-proof neoprene rub- 
ber. Only polarizing shell is metallic to 
properly engage its mating receptacle. 
Arcing during disconnects is confined 
within insulated snuffing chambers. Plug 
has “safety pin” ground contact which can 
be engaged only to ground contact in mat- 
ing receptacle. Pin makes contact first and 
breaks last. Connector-to-cable attachment 
is locked securely to cable jacket by a 
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Neoprene sleeve, eliminating metal-to-cable 
fittings. Flexible grip and tapered sleeve 
distribute usual bending stresses evenly 
along cable, reportedly increasing cable 
life 30 times at point of attachment. Joy 
Mfg Co, Electrical Products Div, 1201 
Macklind Ave, St Louis 10. 

Circle 301 on Reader Service Card 


Two-stage static seal... . 
comprises Teflon insert, permanently 
locked into stainless steel V-ring. Com- 
posite seal operates at temperatures from 
—65 to 600 F and under pressures up to 
10,000 psi. Outer ring maintains seal under 
extreme temperatures and pressures. Teflon 
primary seal provides “‘soft seat’’ for leak- 
tight sealing. Said to be highly resistant to 
corrosion and compatible with most fluids. 
Also available are similar rings with Viton 
“A” primary seals for use from —70 to 
400 F. Pall Corp, 30 Sea Cliff Ave, Glen 
Cove, NY. 

Circle 302 on Reader Service Card 


Paper-base phenolic rod . . . 
reportedly has “exceptional” strength and 
machinability, in addition to good elec- 
trical properties. Typical end uses include 
cam-actuated pins, push rods for ignition 
systems of small hp engines and inside- 
threaded caps. Typical axial compressive 
strength exceeds NEMA XXX standards 
by 30%. Flexural strength under Condi- 
tion A for 4-in. rod tests at 25,000 psi vs 
NEMA standard of 13,000 psi. Tensile 
strength is said to be nearly double that 
listed by NEMA. Available in 42-in. 
lengths with diameters from 0.093 to 
0.509 in. Colors are natural tan and black. 
Richardson Co, Melrose Park, Tl. 

Circle 303 on Reader Service Card 


Submersible pumps . . . 

measuring only 6 in. high, have capacity 
of 800 gph and total head of over 12 ft. 
Double sealing makes them completely 


vapor- and gas-tight, and full screen pro 
tects pump and impeller. Designed for 
both battery and line current operation in 
6, 12, 24, 32 and 110 v dc, units consume 
approx 80 w. Both automatic and manual 
control models available. Sutton Mfg 
Corp, 112 W Wilson Ave, Norfolk 10, 
Va. 

Circle 304 on Reader Service Card 


Extruded rubber-base 


sealer... 
has cross sectional “double donut” design 
that permits positive sealing of uneven or 
tapered joints and 90° bending without 
need for cutting and fitting. Available in 
hollow and solid forms—former for greater 
compression in uneven seams and latter for 
better void filling in wider seams. Acts as 
rubbery gasket when pressed into a seam 
and tightened between sealing surfaces 
When sealing mating metal surfaces, sealer 
is lightly pressed by hand to one of the 
mating surfaces and remains in place, even 
in vertical position, until mating surface 
is assembled. Minnesota Mining & Mfg 
Co, Adhesives, Coatings & Sealers Div, 
900 Bush Ave, St. Paul 6. 

Circle 305 on Reader Service Card 


Fail-safe trigger assembly. . . 
includes magnetic phase-control amplifier 
and all-silicon transistor preamplifier. Trig 
gers thyratrons or controlled rectifiers and 
other switching elements used in phase 
controlled ac power amplifiers and power 
control systems. With preamplifier, typical 
signal input for full thyratron power out 
put is less than 5 milliv ac into 10,000 
ohm. Triggering output is characterized by 
steep wavefront whose phase varies with 
signal input amplitude. Peak power availa- 
ble for triggering controlled: rectifiers is 


continued on page 66 
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. continued 


more than 250 milliw. Models for tempera 
ture control have shielded output winding 
and ac voltage regulator for excitation of 
platinum resistance thermometer bridge. 
In thyratron triggers, a thyratron bias out- 
put is also provided, Trigger and printed 
circuit board preamplifier available sepa 
rately or in assembly for chassis or panel 
mounting. Assembly priced at approx $139 
in moderate quantity. Ovitron Corp, 
Power Controls Div, 105 River Rd, Cos 
Cob, Conn. 

Circle 306 on Reader Service Card 


Hi-temp gasket... 
operating at 1250 to 1900 F, 
loaded, thin (to 0.060 in. thick), spiral 
wound gasket which uses a ceramic paper 
filler, said to be nonflamable, completely 
inorganic and an “outstanding” chemical 
insulator. Garlock Inc, Palmyra, NY. 
Circle 307 on Reader Service Card 
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Annunciator readout. . . 
provides up to 60 messages, displayed in- 
dividually or in combination. Operates on 
rear-projection principle and has 60 minia- 
ture lenses or “positions” which are used 
for data or color backgrounds (red or green 
available). Data includes Temperature, 
Stop-Go, Test, Numbers or any characters 
of varying width, height or color, and ap 
pears on front surface of display unit 
Over-all size of unit is 54 x 12 x 164 in 
Industrial Electronic Engineers Inc, 5528 
Vineland Ave, North Hollywood, Calif. 
Circle 308 on Reader Service Card 


Miniature lighted billboard . . . 
suitable for control consoles, measures 
1.124 x 0.312 in. Legend, engraved on in- 
side of lens, is readable only when in- 
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dicator is lit. Lens are captive to socket, 
and lamps, held in lens housing by spring 
contact clips, are replaceable from front 
of panel. Rated at 0.04 amp at 28 v, 0.08 
amp at 14 v, or 0.2 amp at 6 v. Control 
Switch Div, Controls Co of America, 4218 
W Lake St, Chicago 24. 

Circle 309 on Reader Service Card 


“Cheatproof” control relay . . . 
provides adjustable time-delay circuit for 
two-hand control of mechanical and fric 
tion clutch systems. ‘Can be used as an 
anti-repeat relay with timed holding cir 
cuit or as a timed holding circuit for 
another anti-repeat relay. Cannot be by 
passed after a control switch has been tied 
This prevents even one stroke of 
the machine. Control switches must be 
operated within set time interval (adjust 
able) or clutch is not actuated. Unit is 
said to be failsafe when a normally closed 
contact of all other relays in system is 
wired in series with it. Dimensions are 
approx 5 x 4 x 3 in.; max contact current- 
carrying capacity, 15 amp at 115 v ac; 
power requirement, 115 v, 60 c. Priced 
at $43.15. Micro-Switch Div, Minneapolis- 
Honeywell Regulator Co, Freeport, Il. 
Circle 310 on Reader Service Card 


down. 


Two-way solenoid valves .. . 
have no moving seals. Since all moving 
parts are immersed in line fluid and all 
frictional forces are eliminated, solenoid 
power requirements are said to be sub- 
stantially reduced. Valves also are suitable 
for line media—such as cryogenics and 
hydrocarbons of high aromatic content— 
that can adversely affect frictional char- 
acteristics of seals. Pressure ranges are 
from 30 to 1500 psi. Marotta Valve Corp, 
Boonton, NJ. 

Circle 311 on Reader Service Card 


Two-pole timer . . . 

doubles number of contacts and mounts 
in same space as single-pole timer. Can be 
furnished with one or two SPDT, in- 
stantaneous, snap switch interlocks and is 
easily converted from on-delay to off-delay 
and vice versa. Timing is adjustable from 


0.2 sec to 3 min., and contacts are totally 
enclosed. Available for both ac and dc 
operation. Square D Co, Dept SA, 4041 
N Richards St, Milwaukee 12. 
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Miniature counter. . . 
is suitable for digital readout applications 
where plus and minus, right and left or 
directional readouts are required. Can be 
driven to +99.9 and is prevented from 
overrunning by built-in mechanical stops, 
Made of precision machined parts, counter 
has internal gearing and can be mounted 
on a bracket and driven by means ot a 
through shaft from either side. Diameter 
of drums is 0.672 in. and numerals are 
0.125 in. high. Max torque at room tem- 
perature is 0.25 oz-in., and running speed 
is 350 rpm continuous, with intermittent 
operation at 600 rpm. Melland Gear & 
Instrument Co Inc, 88-06 Van Wyck 
Expressway, Jamaica 18, NY. 

Circle 313 on Reader Service Card 


Digital clock... 

is a 5-digit, 12 or 24-hr unit with second 
by second 00-59 kinetic gradient readout. 
Time is registered on five polygonal drums 
—one hour drum, one 10-min. drum, one 
minute drum and two seconds drums. 
Digits are #-in. on 12-hr clock; ys-in. on 
24-hr clock. Has independent, front panel, 
time reset controls for individual digit 
resetting. Movement withstands shock of 
2000 Ib per in. Enclosed anodized dust- 
proof case measures 44 x 12 x 44 in, and 
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Why use this so-called 


> ade-Callelsl am ol-t-lalale Mt @-\al=1\,)-W [on lele)=lonle) am 


when all you need is this 


News from Kaydon! 


Reali-Slim bearings off the shelf’ 


a 


*Five of the six series 
of Type “‘CP’’ Reali- 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light’’ 
series bearing shown 


Up to 85% lighter, up to 70% narrower 
than the lightest of the ‘‘extra-lights” 


More than 80% of all present standard 
“extra-light” series bearing installations 
never require the full capacity of the bearing. 

Kaydon now trims this expensive bearing 
excess! Kaydon Type “CP” Reali-Slim bear- 
ings match proper size, weight and capacity 
to specified shaft sizes. Overcapacity need 
no longer hamstring your product designs. 

Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), 


KAYDUN 


ENGINEERING CORP. 


Kaydon Reali-Slim KA-40-CP 


...prices slashed up to 76% 


width and cross section remain the same for 
all bearing sizes in any one series. 
Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 
1/4,” width and cross section. Result: new 
opportunity to save on cost, size, and weight 
. in bearings and adjacent components. 
Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial con- 
struction . .. and new bronze one-piece snap- 
over separator in 4” to 12” bore — 14.” to 1” 
width and cross section. Kaydon’s volume 
production cuts prices as much as 76%, de- 
pending on size. Write for free, fact-filled 
“CP” bearing bulletin — with prices! 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter Taper Roller 
Roller Thrust ¢ Roller Radial *« Needle Roller « Ball Radial « Ball Thrust * Four-Point Contact Bearings 


K-160R8 
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SUL Sa ower pee 


weighs 6 Ib. Available to register 120/240 
v ac, 50 or 60 c; 115 v ac, 400 cps. Penn- 
wood Numerchron Co, Electronic Timing 
Div, 7249 Frankstown Ave, Pittsburgh 8. 

Circle 314 on Reader Service Card 


Nylon clamp .. . 
requires no tools for temporary and per- 
manent cable assembly. Adjustable from 
# to 3-in. dia bundles and is easily opened 
for adjustment, removal or addition of 
wires. Vibration tested up to 20 g’s 
at 2000 cps and impact shock tested from 
5 through 120 g’s. Supplied in natural 
color. Weckesser Co Inc, Dept PE-1, 
5701 Northwest Hwy, Chicago 46. 

Circle 315 on Reader Service Card 


Pushbutton switch . . . 

has actuator with prestressed, coiled-spring 
toggle mechanism, giving fast positive 
operation regardless of rate at which op- 
erating force is applied. Thus, operator 
can tell by “feel” of button exactly when 
switch operates, in either direction. Unit 
includes two subminiature switches in 
combination with actuator and provides 
momentary-contact, DPDT circuit control 
at loads of 5 amp, 125/250 v ac; 5 amp, 


68 


30 v dec resistive; or 3 amp, 30 v dc induc- 
tive. Over-all dimensions: #4 in.: long, 
44 in. wide, §2 in. deep behind panel, and 
1#2 in. high including plastic button. 
Unimax Switch Div, Marson Electronics 
Corp, Ives Rd, Wallingford, Conn. 
Circle 316 on Reader Service Card 


Heat-reflective tapes .. . 
include aluminum foil laminated to glass 
cloth with pressure-sensitive silicone ad- 
hesive on glass side and a non-adhesive 
version. In tests, black surface coated stecl 
panel covered with former tape reached 
max 190 F in 12-min. exposure to infra- 
red radiation, compared with 450 F when 
uncovered. Permacel, New Brunswick, NJ. 
Circle 317 on Reader Service Card 


Control valve... 
has ratchet and thumb screw connection 
on actuating arm and float rod holder, 
said to permit easy positioning of the float 
to obtain correct liquid level. Complete 
lever mechanism can be swiveled 360° to 
permit its relocation when used in dipping 
tanks. To prevent leaks and chatter, valve 
plunger’s lower end is fitted with a heavy 
duty Neoprene screw-on, tight-fit washer. 
Center O-ring prevents seepage around 
stem. Made of cast bronze, valve has 4-in, 
inlet and outlet. Available with either 
12-in. rod and float or chain and float 
(choice of plastic or copper floats). Mans- 
field Sanitary Inc, Perrysville, Ohio. 

Circle 318 on Reader Service Card 


Elapsed-time indicator . . . 

operates only when electrical equipment 
is energized. A cumulative timing unit, 
it records exact time machine has operated 
and indicates time for servicing and re- 


placing parts. Six display wheels are white 
nylon with large black numerals. Dial 
range is 99,999.9 hr, or 99,999.9 min. with 
min time indication of 1/10 hr or 1/10 
min., respectively. Operates on 115 v, 60 c; 
230 v, 50 or 60 c; and 24 v, 60 c. Con 
sumes less than 4 w at 115 v, 60 c. Can be 
included as standard equipment or added 
to existing machinery for $10 of less 
Automatic Timing & Controls Inc, King 
of Prussia, Penna. 
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Size-11 air clutch .. . 
supplies 318.4 in.-oz of torque output— 
said to be four times greater than that of 
same-size electromagnetic clutch. Also 
available in sizes 5 to 18, with shafts of 
0.125 and 0.250 in. dia. Each has two 
stainless stee] shafts, one within the other, 
extending from one end of the housing 
These can be operated simultaneously or 
independently. Fitting for connection to 
air supply is at opposite end. Temp range 
of unit is from —5 to 400 F. From stock 
at $110 to $150 for size 11 unit, depend 
ing on quantity. Elm Instrument Corp, 
30 Chasner St, Hempstead, LI, NY. 
Circle 320 on Reader Service Card 


Neoprene adhesive... 
bonds together most similar and dissimilar 
materials upon contact. Recommended for 
joining wood, masonite, metals, rubber, 
paper, fiberglass, leather, most plastics, etc 
Application consists of coating two facing 
surfaces, allowing 5 to 15 min. for air dry 
ing and firmly pressing materials together 
No clamps are needed, and resulting firm 
but flexible bond is said to be resistant, to 
heat, water and oil. Available in 4 pt, pt. 
qt and gal. sizes. Magic Iron Cement Co 
Inc, 14215 Caine Ave, Cleveland 28. 
Circle 321 on Reader Service Card 


10-amp connectors .. . 

also rated at 750 v rms, are available in 
15-, 18-, 21-, 24-, 27-, 30- and 33-contact 
configurations. Knife contacts in plugs are 
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When an impact press spawns a coffeemaker in 1/50 sec... 











ALCOA ALUMINUM, 


MPACTS 








When an impact 
press spawns a 


coffeemaker in 1/50 sec... 


Quicker than you can wink, an impact press can 
give birth to a gleaming coffeemaker body, a ribbed 
flashlight case or a sleek missile shell. In fact, almost 
any can- or tube-shaped part with one end closed 
can be churned out in Y%o to “oo of a second... in 
one piece. 

The part can be round, oval, square or rectan- 
gular—even polygonal. Hollow or solid or both. 
With variable diameters up to a foot across. Having 
internal or external ribs, bosses, splines or flutes. As 
small as a thimble or chest-high. With the bottom as 
thick as you like, flanged, shaped like a cup or any 
other configuration. Finally, in any fantastically 


that’s Alcoa Total Ability at work! 


diverse combination of these. 

Alcoa, who introduced impacts to this country 
right after World War I, can tell you quite a lot 
about them. Which alloy to use (it may be a 
powder!), where to beef them up, and, of course, 
how to save money. 

Or perhaps your problem would be better solved 
by casting, forging or other fabricating techniques. 
In any case, Alcoa’s Total Ability will help you 
choose the most economical method. Tell us 
your needs. Simply get in touch with your nearest 
Alcoa sales office, or write Aluminum Company of 
America, 857-F Alcoa Building, Pittsburgh 19, Pa. 


ALCOA ALUMINUM 


IMPACTS 


F 


. Prototypes for coffeemaker bodies 


. Precision solid impact specialties 


. Special cross-sectional shapes 


. Double-walled can with external fins 


. Cigarette lighter bodies 


. Machining blank for missile piston 


‘D) 
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. continued 


cadmium or silver-plated brass, and in the 
socket, they are double-spring-design phos 
phor bronze. compression 
molded Bakelite. Have linear polyethylen 
backshells (or caps) for protection against 
Useful for electrical 


Be dic S$ are 


moisture and dust 
and electronic instruments, as well as tele 
phone switchgear, automatic vending ma 
chines and communications equipment 
Prices are said to be competitive. Beau 
chaine & Sons Inc, Lakeport, NH. 
Circle 322 on Reader Service Card 





Predetermining electric 
impulse counter . . . 


provides both visual in-line count and con 
trol function. Knurled wheels behind flap 
near top of unit presets it to any number 
from 1 to 9999. After preselected number 
of counts has been registered, SPDT con 
tact reverses, permitting control function 
Iucorporated rectifier allows de operation 
direct from a 110- or 220-v ac source. 
Rated speed is 1500 counts per min. 
Measures 2 x 4 x 5 in. and has engraved 
white-on-black figures. Landis & Gyr Inc, 
45 W 45th St, New York 36. 

Circle 323 on Reader Service Card 


Pilot-operated valves .. . 

include control valves for 1500-psi and line 
valves for 1200-psi hydraulic and pneu 
matic service. Temp range is —40 to 250 F 
Have O-ring seals for bubble-tight shutoff; 
low shifting force which permits direct 
valve operation by relatively low force elec- 
trical and pneumatic power attachments; 
small linear valve movement; non-interflow 
between valve ports during movement of 
piston from one position to another; and 
full internal flow areas equal to or greater 
than nominal port area. Control valve 
comprises basic valve, manifold block and 
interchangeable attachments 
Basic valves are available in 2-, 3- and 4- 


operating 


way, diverter and shuttle cycles. Attach 
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AN EXCELLENT CHECK 


TH 


New from Bruning- 


VALVE, YET PRICED 


BELOW MOST OTHERS 


We could have used superlatives, but we would rather they 
came from you after you have tested this new “Deccto” 
check valve. It is one we honestly believe offers a number 
of distinct advantages over others costing far more. 


In setting out to design the “Deccto” Series, we made 
economy a prime objective. Having completed comparative 
testing, we were pleased to find we had been unusually 
successful in several other ways, too. 


New “Deccto” Series check valves are not only substan- 
tially less expensive than similar products, they incorporate 
superior design features that are readily apparent to the 
discerning user. We think you will be as enthusiastic as we 
are when you have noted their performance characteristics. 


Some of them are mentioned here: 


SURGE-PROOF OPERATION A hydraulic deceleration device 
neutralizes surge-shock. 


MAINTENANCE-FREE PERFORMANCE Our tests show the 
“Deccto” improves with use, hitting its stride, so to 
speak, about the time similar check valves are ready for 
replacement. 

LEAK-PROOF CHECK ACTION Precision knife-edged, line- 
contact, metal-to-metal valve seat insures performance 
equaling or exceeding military specification. 

OPERATING PRESSURE 3000 PSI AND UP, with extremely low 
pressure-drop at rated flow. 

OPERATING TEMPERATURES —250°F to +560°F Absence of dis- 
similar materials eliminates problems of differential expan- 
sion and contraction. No elastomer seal problems. 


Confident of the worth of this new series of check valves, 
we earnestly invite inquiries, once again reminding you 
of the low prices we have set for this product. We would 
be pleased to send a sample. 


a 
fj WANING LINCOLN, NEBRASKA 


| COMPANY Phone — HE 5-3511 » TWX—LI 8151 
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DOES YOUR DESIGN Kazaa 
CALL FOR MUiaflaarU 
LIQUID MOVEMENT? Baum 


If your design calls for liquid movement... 
and space is at a premium... there’s a 
Little Giant pump to meet your requirements. 
Compact, sealed Little Giants can be 
applied to a wide variety of liquid handling 
jobs. Motors sealed in oil... never need 
lubrication ... U/L approved glass terminals. 
Sealed pumps OPERATE WHEN 
COMPLETELY SUBMERGED. Choose 
from 28 models. 


3810 N. Tulsa © Oklahoma City, Okla. 


A DIVISION OF LITTLE GIANT CORPORATION 
CIRCLE 204 ON READER SERVICE CARD 


For Complete Specifications, Contact: 


There's not another rotary joint like 
the Johnson Type SN. Used where PARAMOUNT 
the roll—on certain paper machines, 
drilled rolls of rubber or plastic mills 
and calenders, double shell dryers, 
and the like. Needs no external sup- 
ports of any kind. Like all Johnson 
Joints the Type SN seals without 
packing, needs no lubrication or 
adjustment. 


AT WORK 


No. 8 of a Series. 


4 

i 

I a > 
inlet or outlet pipe must rotate with ; Die Castings 

1 

t 

. 


Investigate Johnson Joints for 
all steam-heated or water-cooled 
rolls. Handle Dowtherm, Mon- 
santo Aroclors, hot oils too. Sizes 


to 8". For data on Type SN write RADIAL-ARM SAW 


for Bulletin N-2002. 
1 JOHNSON CORPORATION gets Rigidity with Light Weight from = © vse car 


pasa Wood St., Three Rivers, Michigan PARAMOUNT DIE CASTI N G S B) Cana 


Central Specialty Division, King-Seeley ThermosCom- ©@ upper 
pany, selected Paramount to supply the die castings — 
for critical parts of this high quality Craftsman saw 
made exclusively for Sears, Roebuck and Co. Why © save Guaro 
Paramount? Because of Paramount's well-known engineering and production 
know-how—-Paramount's ability to consistently meet the highest standards 
of precision at lowest possible cost—Paramount’'s careful scheduling which 
assures deliveries that fit customers’ production schedules 
It will pay you to look to PARAMOUNT... 
If your product incorporates zinc or aluminum die castings, or 
you're considering them, investigate Paramount's complete serv 
ices—from drawing board to finished part 


PARAMOUNT Dee Casting Co. 


(A subsidiory of TALON, INC.) ST. JOSEPH 4, MICHIGAN 
Three complete plants—twe in St. Joseph, Mich., one in Seymour, Ind. 
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continued 


ments are for low and high pressure, sol 


nf 
noid, manual and cam operation. Lin 
valve is uni-directional shutoff umt with 
Available in_ straight 
shutoff cvcle or as shutoft valve with down 


integral actuator 


stream vent. Actuator is pressure-operated 
with spring return. Ranges include low 
pressure or “instrument” range of 10 to 2 
psi (can be increased to 50 psi when 
equipped with speed restrictor) and lin 
pressure range of 40 to 200 psi. (up to full 
line pressure with restrictor). Ledeen Inc, 
3350 N Gilman Rd, Fl Monte, Calif. 
CIRCLE 324 ON READER SERVICE CARD 


Pressure-vacuum control . . . 
for air, gas or liquid applications requiring 
lose on-off differentials, is designed with 
out an enclosure for direct incorporation 
into equipment. Available ranges ar 
within 30 in.-Hg vac and 500 psi, with 
on-off differentials from 6 +1-in. we and 
up. Switch action includes normally open, 
closed and double throw, suitable for 
unbients up to 180 F. Standard electrical 
ratings are 15 and 20 amp, 115/230 v a 
Unit weighs approx 13 0z. United Electric 
Controls Co, Dept N, 85 School St. 
Watertown 72, Mass. 
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Rugged-service transducer . . . 
has overpressure capability of 10 times 
rated pressure, or 10,000 psi (whichever 
is less) and when applied for 3 min. will 
not cause a zero set to exceed 1% of full 
range output. Made of high corrosion 
resistant steel, unit uses unbonded strain 
gage principle with a four-active.arm spring 
type sensing element and diaphragm forc« 
summing area. Has sensitivity of 50 mv, 
low residual unbalance and combined 
figure of +0.35% for linearity and hys 
teresis. Pressure ranges are from 0-100 psi 
to 0-5000 psi absolute and gage. Operable 
temp range is from —320 to 300 F. Re 
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* Camloc’s New 
Quick-Mount 
Push-Button 
Fastener 


4. 
J 


—- 


The only 
fastener 


that’s easier 


than a 


PRE 
to install 
and operate 


~ Single hole mounting 
— No riveting 

» No special tooling 

» Low cost 


Another example of Camloc’s science of 
FASTEN/ATION ...a totally new kind of 
push-button fastener that’s as easy to 
install as it is to operate. Single hole 
mounting cuts installation costs. No rivet 
holes, no riveting, no expensive special 
tooling for rapid production line 
installation. Camloc has FASTEN/EERED 
new PBF fasteners with a unique, positive 
locking action for foolproof operation. One 
push releases. One push locks. Grip 
increments of .060 minimize tolerance 
build-up. If you have a special! problem 
requiring quick-release fasteners, Camloc 
can provide FASTEN/ATING custom 
variations to meet your needs. 


Specialists in 
Fasteners for Industry 


Camloc Fastener Corporation 62 Spring Valiey Rd., Paramus,N. J. 
West Coast Office: 5455 Wilshire Bivd., Los Angeles, California 
Southwest Office: 2509 W. Berry St., Fort Worth, Texas 
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, SPECIAL O-KNI-CO WAYS INSURE PRE- 
>= CISION OPERATION. Noted for the abso- 
F lute precision built into their machine tools, 
f= The DeVlieg Machine Company, Detroit, is 
| aconsistent user of O-K NI-CO hardened ways 
made by The Ohio Knife Company. This De- 
Vlieg Spiramatic Jigmil features O-KNI-CO pressure excursions under identical condi 
hardened vee ways as original equipment. tions. Thermal zero shift is within 0.005% 
| These ways contribute to greater machine FR/°F over compensated temp range. 
} accuracy because they are virtually wear proof. Shocks up to 1000 g’s do not damage 
“eypepe score oa dd tin - a depth of instrument. Consolidated Electrodynamics 
face obtainable. Precision grinding 0 2 | Cot Stb of Bell & Howell, 360 Sicrrs 
.0002” or less further insures precision opera- Madre Villa, Pasadena, Calif. 
tion. O-KNI-CO hardened ways are available CIRCLE 326 ON READER SERVICE CARD 
_ _ in stock or are specially made to suit indi- 
; ' nib vidual requirements. For more information 
Ohio Knife Co. Hardened Vee Ways Orig- write The Ohio Knife Company, Cincinnati 23, 
inal Equipment on this DeVlieg Jigmil. Ohio. Dept. B. 
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peatability is within +0.10% FR from 
average value for three continuous full-range 


Electromechanical converter... 
is designed primarily for low-speed con 
version of liuear data into digital form 
Can be modified to perform as a digital 
servo; to convert nonlinear data into digital 
form; and to perform digital-to-voltage 
conversion functions. Accepts 400-c ac 





voltages and produces an 11-bit binary 
output. Its parallel and unambiguous out 
put can be increased to as high as 19 bits. 
Accuracy is one part in 2048. Weighs 18 
oz and measures 7 x 1g x 1% in. Com 
ponent parts include a self-selecting shaft 
position-to-digital encoder; servomotor; 
solid-state servo amplifier; feedback poten 
tiometer; and antibacklash gearing. Libra- 
scope Div, General Precision Inc, Glen- 
dale 1, Calif. 
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you can 
design 





BETTER — our time proven proc- 
ess of bonding special analysis 
tool steel to tough machineable 
steel, then hardening the tool steel 
(65-66 Rockwell C) along entire 
length, enables us to give you 
hardened surfaces anywhere you 
want them. 


FASTER — we make hundreds of 
these special shapes for every 
conceivable application—our new 
production methods are geared to 


meet fast delivery requirements. 
hae Constant-speed dc motor .. . 


requires no governor or regulator. Speed 


t 


ovr, 


74 


LOWER-IN-PRICE — no one is as 


completely set-up — design, engi- 
neering, heat treating and produc- 
tion—to deliver these special ways 
to you at a price far below what 
it would cost you to make them 
yourself. 


IMPORTANT — we carry in hardened 
stock 12 standard way shapes in 88 sizes, 
with delivery from stock to 5 weeks. 


For FREE Bulletin-A, describing O-KNI-CO hard- 
ened ways, wear plates, etc., write Dept. 122-B 


THE OHIO KNIFE Co. 


CINCINNATI 23, OHIO 
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is magnetically linked to reed frequency 
so that it cannot vary. Output shaft speed 
is from 150 rpm to 1 revolution in 24, or 
more, hr. Said to have reduced size and 
weight and double the torque of previous 
models. Amglo Corp, 4325 N_ Ravens- 
wood Ave, Chicago 13. 
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Load cell... 

has machined stainless steel bellows, 

coupled inductively to ultra-sensitive dif 

ferential transformer. Profile of less than 

14 in. is said to insure excellent lateral 
continued on page 75 
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"EXCLUSIVE WITH CARTER! 


stability. Uses no bonding agent. Avail ROD SCRAPER PLUS 
able in ranges from 5 to 500 Ib, with di ROD WIPER AS STANDARD 


ameter of 13 in.; hysteresis error of less 
than 0.1 Lad and temperature range of Wo J.1. C. Interchangeable sCJuarcune Series features a Metal Rod 
to 500 F. United Aero Products Corp, Scraper plus a Rod Wiper in a quick change Cartridge — Double 
Burlington, NJ. protection against chips, dirt, damage. Unitized cartridge rod 
CIRCLE 329 ON READER SERVICE CARD bearing ... easy removal and replacement... no cylinder dis- 
assembly necessary! 


Silicone rubber O-rings . . . 

are sai dto be virtually “‘flashless,” with flash 

held to a max of 0.001 in. Also available 

on request in Neoprene, Teflon, Viton-A 

and Buna-N. From stock in ID diameters 

from 0.058 to 0.698 in. and thicknesses 

from 0.009 to 0.105 in. APM Corp, 41 Cl] 


CIRCLE 330 ON READER SERVICE CARD ® 14" to 12” bore ® True cushion-automatic concentric alignment 
® 100% JiC interchangeable ® Positive piston locknut design 


® Delivery from stock! 


THE COMPLETE LINE 


CARTER FLUID POWER 





Auxiliary transmission . . . 

is 4-speed unit with nominal torque rating 
of 550 to 600 ft1b. Has constant mesh ® Space saving designs! ® Spring loaded “V” packing on 
helical gears for quiet operation and easy Light weight! rod end gland. 

shifting in all gear positions and is de ® Full 1 to 1 Meehanite cartridge 

signed for use with standard 4- or 5-speed rod bearing. Key type stainless steel locking 
transmissions in the 400 to 600-ft-lb ca ® Precision honed heavy wall ring. Allows 360° orientation 
pacity range. Said to have “excellent” tubing—6 to 1 safety factor. of pipe ports. 

ratio splits in top three gears. Shifting is 

accomplished at same rpm in these splitter ROTA RY, TORQUE ACTUATOR 
gear positions, resulting in full use of max 

engine hp during shifts. Weighing 340 Ib PNEUMATIC-HYDRAULIC 
with an over-all length of 25y% in., unit is 
said to be smaller than other 4-speed ® To 370° rotation as standard 


* New design opportunities 


auxiliary transmission of similar capacity. Gq © Safe, powerful torque 
Dana Corp, Toledo 1, Ohio. : 
CIRCLE 331 ON READER SERVICE CARD 


® Air, oil, gas, water operation 
® Zero leakage 
STANDARD ROTATIONS 
hie . P 0-280° 
Transmission case... P 0-370° 
has 8-bolt-hole PTO aperture to accom- 
modate high-torque, side-mounted PTO IMMEDIATE DELIVERY ON ALL STANDARD CYLINDERS AND ACTUATORS 


installations on vehicles in the 50,000-Ib 


gross vehicle weight range. Withstands 
severe torque and hp requirements in op S ia N FOR MASTER 

CATALOG — 

— 





eration of heavy duty materials handling 
equipment and permits installation of side 
mounted PTOs with ratings of 500 ft-lb 

Fe clamp cylinders. air valves, and 
torque, or 95 hp at 1000 rpm output shaft the new sCJuareune. Complete 
speed for intermittent service. Has stand détails and prices. SEND TODAY 
ard 6-bolt aperture on left side in addition 


Complete bound file. Air and 
hydroulic cylinders. Rotaries 





continued on page 76 
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Replace costly machined or 
molded parts with formed 
RULON Tape. 


Leading manufacturers across the 

country are cutting design costs by 

stamping or post-forming parts from 

RULON (filled TFE) tape. With 

Dixon’s RULON Tape in thicknesses 
from .004” to .125”, 
you pay only for 
what you use. You 
use a minimum 
material . and 
reduce costs up to 
10 to 1. You take 
advantage of RU- 
LON'’S plastic mem- 
ory, too, for tighter 
fits and better seals. 
RULON Tape gives 
your product these 
performance-improv- 
ing qualities: (1) low 
friction, (2) high 
wear resistance, 
low deformation 
under load, (4) wide 

“ temp. tolerance 

(—400°F to +500°F), (5) chemical 

inertness, (6) lube-free operation, 

and (7) zero water absorption. 

Whether you need stamped or post- 

formed parts for pumps, valves, 

compressors, bearings, meters, or 

what have you, it pays to rely on 

(1) Dixon’s wide selection of basic 

shapes (in both RULON and Teflon), 

(2) Dixon’s knowledge of fluoro- 

carbon reinforcing agents, and (3) 

Dixon’s facilities for fabricating parts 

to print. 

See RULON designers 

guide book — Bulletin 

#9572 in Sweet’s Prod- 

uct Design File, or send 

details for recommenda- 

tions. DIXON CORPO- 

RATION, 103 BURN- 

SIDE ST., BRISTOL, 

RHODE ISLAND. # DuPont T.M. 


Pump Cups 


<e 


Lip Seals 


S 


Piston Rings 


Bearings 


DIXGN 
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COMPONENTS + MATERIALS * PROCESSES 


. continued 


to right-side 5-bolt aperture. An adapter 
for changing S-bolt aperture to 6-bolt is 
available. Can be specified as original 
equipment or as replacement assembly for 
existing units (interchangeable with stand 
ard 6-bolt case). Dana Corp, Toledo 1, 
Ohio. 


Circle 332 on Reader Service Card 


Drum dials and verniers .. . 
are available from stock in 14-, 2-, 24- and 
3-in. sizes (larger diameters on request). 
Calibrated for 1.0°, 1.8°, 2.0° and 3.6°, 
with choice of vernier to read 1/10 deg, 
6 min. and 15 min. Concentricity between 
0.3750-in. dia hole and OD of drum is 
held to 0.0015 in. TIR, and open side of 
drum can be to left or right. Ackerman 
Engravers, 458 Broadway, New York City. 
Circle 333 on Reader Service Card 


Two-stage blower.. . 


produces 377 cfm at 5.91 in. of water in 
a 4.29-in. duct. Basic tooling permits vari- 
ations to approx 1.3 times original design 


continued on page 77 








IT’S NO SECRET- 
if it’s Made of Wire... 
USP Can Make It Best! 


USP design engineers can 
add sales appeal to your 
product by providing strong, 
attractive welded wire 
components in any desired _retrigerator 
shape or size...in the finish  SSnnca%ment Rack 
you prefer. USP offers the - 

finest, most modern wire g 
fabrication and in-plant 
finishing facilities to as- 
sure you the utmost in 
production economy and 
on-time delivery. USP 
quality control is backed 
by more than 60 years of 
wire fabrication- finishing € 
experience, 

Why not start today—see 
how easily you can profit 
through the use of Union 
Steel’s modern techniques. 


Refrigerator 
Shelving 


Evaporator 
Shelves and 
ondensers 


Oven Heating 
Element Frame 


Nis 
=f 
_ {I | 


Oven Rack 
Side Frame 


Wire Forms Of All Types 


Swing-Out 
Retrigerator Basket 


) 


TOHHTHHH 


=. 


Dishwasher 
Baskets and 
Sections 


YOU ARE INVITED —to investigate the advan- 
tages of Union Steel’s wire product design and 
development service, without obligation. A 
card, letter or call will bring immediate action. 


UNION STEEL 
PRODUCTS CO. 


335 N. Huron Street 
Albion, Michigan 
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COMPONENTS * MATERIALS + PROCESSES 
. . continued 


flow rate. Two-stage design is said to assure 
quiet, efficient delivery of air. A 338-c, 
200-v, 3-phase integral motor helps hold 
weight to 4.2 Ib. Task Corp, 1009 E 
Vermont Ave, Anaheim, Calif. 

Circle 334 on Reader Service Card 


Rugged-environment connector 
rated for 20,000-psi, 400-F service, makes 
contact by fitting silver-plated, tempered 
beryllium copper pin into a hole of closely 
controlled diameter. Pin is bent and acts 
as its own spring when plugged into the 
hole, eliminating need of leaf springs or 
other contacts which may fail when rubber 
extrudes into contact voids at high pres 
sures. Fluid seal is accomplished by a 
molded O-ring seating into mating connec 


tor. Fluid pressur ompres xternal 
. ng egy wal gpqgpen lenny SOURCES of your purchased components must help to promote market 


acceptance of your products by providing the required quality at the 
right price. 

When it comes to electric motors in special designs, you can meet 
ALL of your manufacturing and buying needs by specifying DOERR 
MOTORS! Doerr’s broad experience with thousands of “specials” will 
point the way to practical designs that fit every need at lowest cost. 


neoprene sleeve, forming a perfect se: i] 
I'ypes and sizes are available to meet most 
applications from bulkhead feed-thru to 
cable connectors. Major OD diameter is 
0.2 in. Dielectric strength is 3000 v and 
current rating, 10 amp. Prices range from 
$2 to $4.25. Keystone Engineering Co, 
PO Box 14366, Houston 21, Tex. Here's how you benefit: 


Circle 335 on Reader Service Card 1 R EADY AVAILABILITY 


Increased Doerr production facilities 
for fast service on special and standard 
motors. Nation-wide field service. 


REALISTIC PRICES 


On special modifications. 


QUALITY-BUILT 


Doerr quality construction assures full 
performance of your products—compact 
Doerr styling adds to appearance. 
TYPICAL DOERR 
MOTOR, Desion | 4 SMALL-LOT ORDERS 
Doerr always gives you complete and 


This standard fractional hp. motor of Wy : oetton % 
) t on ! 
Se Cee Gatamel, sanuntiated willing cooperation—on any quantity 


t is typical of the Doerr line. 
Sevcatend and good-looking, it is a 5 STA N DA R D M 0 TOR .) 
deluxe design that complements your Also available . . . stocks of fractional and 
product. And this motor is AVAIL- integral hp. ratings are listed in the 
ABLE FROM STOCK at Doer! Doerr catalog. When your inventory is 
: low, Doerr can make short shipments 
on small orders. 


WRITE FOR THIS 14-PAGE CONDENSED 
CATALOG AND MOTOR ‘IDEA BOOK’ 

Shows many Doerr special designs that suggest how to solve 
specific problems. Also gives dimension and price data 

on Doerr standard motors. Get your copy... 


Stem casters . . . eae 4 please write on your company letterhead. 
for medium duty tubular or angular-legged == 3 


equipment, have hardened-steel forks of 
0.1169-in. steel stampings to withstand 
extra strain on rigid mountings. Handle 
max weights of 800 lb. Available in round 
stem sizes of % to l-in. dia and standard 
square stem size of 3 in. Stems measure 


NOS109 


2s in. on round models and 2¥5 in. on 

square medels. Wheels, including cushion 

or hard-tread, nonmarking replaceable rub ec rs | ‘ 
ber tire, and semisteel, vary from 24 to ration n specia nee ; DRake 7-0500 
5-in. dia. Colson Corp, 7 S Dearborn St, ae +e 

Chicago. 93 N. FOURTH AVENUE e CEDARBURG, WISCONSIN 
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Air Power! 


STOCKED FOR 
IMMEDIATE 
SHIPMENT 


Use variable-speed, explosion-proof 


GAST AIR MOTORS 


Need a compact, low-cost motor for original equipment 
or plant use applications? Air may be your answer... 
using one of these efficient Gast rotary-vane Air Motors. 
Look at the special advantages they offer you: 


OF 5 1107-1 C1 © ie iO] 07. G— 


1. They're explosion-proof — no sparks, no danger! 
2. Low initial cost compared to other motors. 

3. Speed variable with simple valve control. 

4. Can't burn out if overloaded or stalled. 

5. Reversible rotation optional on some models. 

6 

; 

8 





Rugged and Reasonable for any Application 


Rotor vanes take up their own wear. 


. Quickly attached to plant air lines. 

.” Amazingly light, compact for h.p. delivered. 
9. Ball-bearing; almost service-free design. 
10. Mechanically simple, neat in appearance. 


Here are a few of the many precision-made 
Chicago Locks available. They’re engineered 
for maximum security — made of carefully 


Gast Air Motors are supplied as original equipment on 
pneumatic hoists, mixers for paint and chemicals, fans, 
blowers, fuel hose-reel rewinders, liquid pumps, spool- 
ing machines and a host of other products. Used in 
explosive atmospheres and in “hot” locations to 250° F. 





Model No. 1AM 2AM 4AM 6AM 8AM 16AM 
H.P. at 90 P.S.1, 2000 RPM 0.13 0.57 LAI 2.0 40 7.0 
Weight, Ibs. % 5” 8 7 25 65 





For complete performance data, write for Air Motor 
Bulletins. Specify models that interest you. 


THEY'LL DRIVE EQUIPMENT 4 WAYS: J 
« 


4 Through direct Geor reducer 
coupling E 5 
S “ Se) Se i | 
U ) ( 0) With © 
a . a\e 2 Using \ jy” — flange 
/ oes 


ial pulley < ZA mounting 


selected and tested metals. And they empha- 
size attractive design and compactness. 

Whatever your needs, you’re sure to find 
a Chicago Lock that’s perfect for your pur- 
pose .. . and priced right, too. 


*One of the ACE Lock line—Maximum security locks with 
the exclusive round keyway. 


Write today for your FREE catalog showing, in detail, 
the entire Chicago Lock line. 





AIR MOTORS * VACUUM PUMPS + COMPRESSORS ¢ ee i CAGO LO K Cc 0. 
& LA STy ANUFACTURING CORP | 2050 N. Racine Avenue @ Chicago 14, Illinois 


P. 0. BOX 117-V, BENTON HARBOR, MICHIGAN 
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High-strength Steel: Effect 

of Varying Composition 

S V ARNOLD. PB 161007 (Technical Report 
No. WAL TR 320.1/1). Office of Technical 


Services, Dept of the Army, Washington 25, DC. 


84 x 1034, 10 pp—tables—illus—appendix. 
$1. 


Tensile, notched tensile and impact 
properties of steel depend little on 
alloy content if the steel can be hard- 
ened completely through the entire 
cross-section. The results of this re- 
port (full title: “Effect of Varying 
Composition to a Target Hardenabil- 
ity, and An Experimental Silicon-rich, 
Boron-treated Low Alloy Steel’) only 
confirm a_ well-known ctillontesh 
fact. Although results are negative, 
the significance of this work is that 
it gives more data on the extent that 
composition limits may be varied 
within a given hardness range with 
out affecting notched impact strength 
of the steel. 


Semiconductors and 
Transistors 


ALEXANDER SCHURE. 
Inc, 116 W 14th St, 
pp. $2.90. 


Specific attention is given to atomic 
structure, the quantum theory, con- 
ductors, insulators, semiconductors, 
conduction by holes, 
with impurities, semiconductor recti- 
fier, p-n junction, and many other 
topics. Review questions are included 


John F Rider Publisher 
NY 11. 512 x 82, 138 


semiconductors 


at the end of each chapter. 


Fatigue Properties of 
Ultrahigh-strength Steel 

H B NUDELMAN AND J P SHEEHAN. PD 171056 
(WADD Technical Report 60-120). Office of 


Technical Services, Dept of Commerce, Wash- 
ington 25, DC. 8% x 1034, 57 pp. $1.75. 


Many of our industrial practices— 
especially those in metal production 
—are remnants of practices handed 
down by antiquity. Current methods 
of oxidizing steel with 
among the _ techniques 
tioned. Because 
lower the fatigue new 
system—deoxidizing with carbon and 
aluminum—was compared in this pro- 
gram. The carbon-aluminum system 
gave substantial increases in fatigue 
strength. Data however, are 
not directly usable in design because 
fatigue-strength studies were based on. 


silicon are 
now ques- 
silicate inclusions 


strength, a 


given, 
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the Prot fracture system. Such values 
are only useful for comparison, be- 
cause the Prot method is a shortcut 
technique that increases stress with 
each cycle on a rotating beam speci- 
men. Breaking load and number of 
cycles are then compared. 


ABSTRACTS 
FROM THE LITERATURE 


Centralized Lubricating 
Systems 


Discusses characteristics of various 
systems for handling oil, 
other lubricants. 


“Centralized Lubricating Systems,” R. B. Yahn, 
Yahn Engineering & Sales Co ¢nc. NLGI 
Spokesman, Apr ‘61, 4638 J C Nichols Park- 
way, Kansas City 12, Mo. 


grease and 


Lubrication of Instrument 
Motors 


Summarizes a panel discussion on 
lubricating requirements, components, 
lubricants. 


Lubrication,” Design 
University Ave, 


“Designing for Motor 
Engineering, Apr ‘61, 481 
Toronto 2, Canada. 


Applying the Strain-gage 
Torque Transducer 


In measuring torque, many advan- 
tages can be realized simply by apply- 
torque transducers. 
these units and what can 
they do? How, and under what cir- 
cumstances, are they better? ‘These 
topics and others are discussed. 


ing strain-gage 
What are 


“Applying the Strain-Gage Torque Transducer,” 
H E Lockery, Baldwin-Lima-Hamilton Corp. ISA 
Journal, Mar ‘61, 313 Sixth Ave, Pittsburgh 22. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. 


MULTIPLE V-BELT DRIVES—Catalog 
C, 64 pp. Formulas and tables 
for selection of both stock and non-stock 
drives cover design hp, speed ratio, sheave 
diameters, belt speed, center distances, ete. 
Specifications are tabulated for multi 
V-belts in A, B, C, D and E cross-sections 
and standardized OD sheaves for A, B, C 


continued on page 80 
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‘All these parts 
were problems 


until made of 


KENNAMETAL 


Made of Kennametal and Kentanium, * 
these parts perform better, longer. 
Punches, dies, seal rings, nozzles, pump 
parts, temperature sensing elements, 
and many other critical parts are 
custom-engineered to solve specific de- 
sign and materials problems. 


OUTSTANDING PROPERTIES 


e Extremely high rigidity (YME u 
to 94 million psi, compared wit 
steel’s 30 million). 

e Density of compositions from 5.7 to 
over 15.0 gms/cc, compared to steel 
at 7.8. 

e Compositions to resist corrosion- 
wear conditions encountered with ni- 
tric, sulfuric, and hydrochloric acids, 
and sodium hydroxide. 

e Kennametal is extremely hard (up to 
94 Rockwell A) and outwears steel 
as much as 100 times. 

e Kentanium retains sufficient strength 
for continuous operation up to 
2200°F and at higher temperatures 
under specific conditions. 

There is a good chance that one or a 

combination of the unique properties 

of Kennametal and Kentanium can 
solve some of your problems. 

For further information, contact 
your Kennametal Representative or 
write us direct for Booklets ‘“‘Prop- 
erties of Kennametal’ and “Proven 
Uses of Kennametal and Kentanium.” 
KENNAMETAL INc., Department PE, 
Latrobe, Pennsylvania. 

* Kennametal is the registered trademark of 

a series of hard carbide alloys of tungsten, 

tungsten-titanium, and tantalum. Kentanium is 

the registered trademark of a 

series for applications requiring 

a lighter weight material, or 


maximum resistance to temper- 
ature extremes. 34221 


InDUSTRY AND 


KENNAMETAL 


Boritners in Puogress 
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««.» Stretches your 
design potential 


Parts-design becomes as flexible 
as wax when you specify invest- 
ment casting. With the “lost wax” 
process, parts may be designed 
for function...operating efficiency 

. and wearability. Costly ma- 
chining and assembly operations 
are reduced and often eliminated. 
A wide variety of alloys offers 
better parts performance and cost 
reductions. 


To discover the benefits Hitchiner 


Investment Casting can bring you... 


write for 
complete 
technical 
and facilities 
information. 


HITCHINER 


Milford 4, New Hampshire 

















DESIGN LITERATURE. continued 


and D section V-belts. Outline drawings 
are included. Fort Worth Steel & Ma- 
chinery Co, Fort Worth 1, Tex. 

Circle 350 on Reader Service Card 


PNEUMATIC EQUIPMENT — Catalog 
1000, 64 pp. Illustrates and outlines de- 
sign features and specifications of com- 
pressed-air-line filters, pressure regulators, 
air-line lubricators, valves and miscellane- 
ous pneumatic products. Also contains 
compressed-air flow chart, dimensional 
data, table showing moisture content of 
saturated, compressed air, etc. CA Nor- 
gren Co, 3400 S Elati St, Englewood, 
Colo. 

Circle 351 on Reader Service Card 


EXTRUDED ALUMINUM SHAPES— 
Booklet, 104 pp. Traces extrusion process 
and supplies mechanical specifications of 
available alloys. Contains size and weight 
data and sketches of extrusion types, in- 
cluding semi-hollow, hollow and_ solid 
shapes, rod, bar and tubing. Precision Ex 
trusions Inc., Bensenville, Tl. 

Circle 352 on Reader Service Card 


POTENTIOMETERS-—Catalog, 18 pp 
Carries electrical and mechanical specifi 
cations of single turn, linear and nonlinear 
units. Includes temperature rating curves 
and data on rotation angle, continuity 
angle, electrical angle, index point linear- 
ity, tap position, overtravel, resolution, 
etc. George Rattray & Co, Sub of Instru- 
ments for Industry Inc, 101 New South 
Rd, Hicksville, LI, NY. 

Circle 353 on Reader Service Card 


MOTOR APPLICATIONS-—Bulletin 010, 
16 pp. Covers single phase, polyphase and 
de units rated % to 500 hp. Selection 
tables match motor characteristics to spe- 
cific applications. Characteristics are dis- 
cussed and ratings and dimensions are 
tabulated. Century Electric Co, St Louis 
66. 

Circle 354 on Reader Service Card 


AIR, HYDRAULIC CYLINDERS—Bul 
letin AJH-104S, 32 pp. Design features 
are discussed and illustrated by cutaways. 
Also carries mounting diagrams, cylinder 
and rod dimensions and data on column 
strength, piston rod deflections, accelera- 
tion, safety factors, pressure losses in pipes 
and cylinder forces. Miller Fluid Power 
Div, Flick-Reedy Corp, 7NO15 York Rd, 
Bensenville, III. 

Circle 355 on Reader Service Card 


HYDRAULIC, PNEUMATIC CON. 
TROLS—Catalog 601, 8 pp. Describes, il- 
lustrates and lists sizes of valves, cylinders, 
filters, lubricators, pumps, motors, accumu- 


continued on page 81 
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Versatile new electronic relays 
CONTROL CONDUCTIVE LIQUIDS 
without spark or shock hazards! 


- ~ . 
ea 


Electronic Liquid Level 


CONTROLS 


Now—two new performance-proved electronic relays 
that provide accurate, reliable, floatiess means of 
controlling any conductive liquid or moist bulk mate- 
rial having a resistivity of up to 12.5 megohms! 


©) Outstanding features and characteristics include: 
Positive means of adjusting sensitivity for specific 
applications. Very low electrode potential and low 
electrode current. No shock or sparking hazards. 
No product contamination due to electrolysis. Quick 
and easy conversion for direct or inverse operation. 
And, because both relays will operate several miles 
away from the level sensing electrodes, they permit 
accurate control of liquids from remote locations. 


Other reliable B/W Fleatiess Liquid Level Control Equipment 


Induction Type Relays Automatic Alternators 





Signals and Alarms Electrodes and Holders 


Complete technical data available upon request—write today! 


aCONTROLLER 
THE PS CORPORATION 
2200 E. MAPLE ROAD « BIRMINGHAM, MICHIGAN 
Manvfacturers of Liquid Level and Industrial Motor Controis 





CIRCLE 208 ON READER SERVICE CARD 





DESIGN LITERATURE . continued 
lators, power units and other air and 
hydraulic components. Rucker Co, 4771 
San Pablo Ave, Oakland 8, Calif. 

Circle 356 on Reader Service Card 


THREAD-CUTTING SCREWS — Cata 
log 276, 6 pp. Outlines sizes of three 
types, material applications, recommended 
hole sizes, drill size and min penetration 
in blind holes. Photographs and isometric 
drawings are included. Formula is given 
for assessing screws’ working qualities and 
for determining in-place costs of fastening 
operation. Parker-Kalon, Div of General 
American ‘Transportation Corp, Clifton, 
NJ 

Circle 357 on Reader Service Card 


MAGNETIC-PARTICLE CLUTCH - 
Bulletin 6005-2, 6 pp. Explains operation 
of magnetic particle and friction clutches 
and includes cross-section drawings and 
torque vs speed curve. Vickers Inc, Elec 
tric Products Div, 1815 Locust St, St 
Louis 3. 


Circle 358 on Reader Service Card 


MACHINE MOUNTS-—Bulletin 4131, 4 
pp. Pictures eight machines and gives 
type, weight and number of mounts 
needed for proper installation. Clark 
Cutler-McDermott Co, Franklin, Mass. 
Circle 359 on Reader Service Card 


TORQUE CONVERTERS - Folder 
C270, 4 pp. Contains specifications of 12 
and 13-in. wheel series, cutaway section, 
dimensional interior and exterior drawings, 
and chart indicating input hp and rated 
rpm. Automotive Div, Clark Equipment 
Co, Buchanan, Mich 

Circle 360 on Reader Service Card 


TERMINAL BOARDS—Bulletin GEA 
7317, 6 pp. Ratings, dimensions and or 
dering information are offered for sectional 
and one-piece molded units for use in 
panels, switchboards or other equipment 
where wiring connections are grouped 
Outline drawings and photos showing 
eight individual sectional blocks are in- 
cluded. General Electric Co, Schenex 
tady 5 

Circle 361 on Reader Service Card 


COPPER-CLAD LAMINATED PLAS. 
TICS—Brochure, 6 pp. Properties of 10 
grades, including those conforming to lat 
est Military Spec (MIL-P-13949B) are de- 
tailed. Also gives sheet sizes, thickness 
tolerances, max Warp or twist of composite 
sheet and discusses printed circuitry. Syn 
thane Corp, Oaks, Penna. 

Circle 362 on Reader Service Card 


SUBMINIATURE RELAYS—Data sheets, 
2 pp. each. One covers unit with operat 
continued on page 83 
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© Large Manufactured Head 

© Oversize Blind Head 

© Plugged or Hollow 

© No Stem Trimming 

© Minimum Blind-Side Clearance 


© Excellent Head Seating 
© Wide Grip Range 
© Full Range of Diameters 
© Positive Hole Fill 
© Easy listallatiun 


For fast, secure, more economical fastening, the new Cherry Com- 
mercial Rivet is a blind fastener ideal for production manufacturing 
and repair. Installed by one man from one side of the work, the 
Cherry Commercial Rivet reduces cost of assembly, repair and 
maintenance in both blind and open applications. 

Minimum blind side clearance, adaptability to variations in 
material thickness, and positive hole fill even in oversize or out-of- 
round holes offer advantages not available in other production 
fasteners. 

Cherry Commercial Rivets are available in both hollow (non- 
structural) and plugged (structural) types. The plugged rivets have 
strength values comparable to solid rivets, and stems fracture to 
eliminate all trimming operations and provide further produc- 
tion economy. 

Grip lengths from '¢” to 1” inclusive, and diameters of %"’, 5¢’’, 
%"’ and 4” are provided in either universal or countersunk head. 
Special rivets are manufactured to order. 

For full technical information on the new Cherry Commercial 
Rivet, write Cherry Rivet Division, Townsend Company, Box 
2157-D, Santa Ana, California. 


Aluminum Mild Steel 


CHERRY RIVET DIVISION 
POPS SANVACANA, CALIFORNIA 
‘Townsend Company 


In Canada: Parmenter & Bulloch Manufacturing Company, Limited, Gananoque, Ontario 
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MAYBE WE CAN DO IT 
BETTER AND FOR LESS 


Hundreds of Companies have found us 
the Right Source of Metal-Fabricating 


We have facilities, experience and engineering 
counsel which may meet your special require- 
ments—exactly. Three large, well ye pee 
plants at Aurora, Ill., York, Pa. and Ss 
Angeles geared to economical production. 
Years of experience 
handling thousands 
of Le or items .. . 
products, parts, sub- 
assemblies, merchan- 
dising units, made to 
your specifications. 
Modern equip- 
ment includes coil 
steel slitting, level- 
ing and edging, press 
work, all types of 
welding, electrostatic 


“BRINGS HOME finishing. | 
Fs THE BACON “ : Send for 16-Page Illustrated Booklet 


It tells All! 


LYON METAL PRODUCTS, INC. 


General Offices, 682 Monroe Ave., Aurora, Illinois 


&¢@ eeeseeee0e¢80 


@ ¢é 


Seeeeeeeeeeee eee 


s}rookside’s fans and blowers will supply 


your product with unvarying performance and 


OSSSeeseeseeeeeoeseeseseseeseeeeeoeeeeseeeee ee seese ees 


dependability. Constant quality checks .. . 12 


eeeeee060 


eeeeeseesoeesee ee ee eesee2ee@ 
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inspection points ... and rigid final inspection 


guarantee Brookside fans and blowers to per- 





form beyond your specified requirements. A 


wide range of models is available or we will FOR SA Le! 


supply custom engineering free of charge. 
ONE 2” BORE x 4” STROKE 
. , ; : DOUBLE ACTING CYLINDER 
side Corporation solve your next air-moving Fi 70 
problem with a collect call to EDison 5-2101. List Price 27 
MeCordsville. Indiana for an appointment with e BRAND NEW! e NEVER USED! 
= * PACKED IN ORIGINAL CARTON! 


along with truly personal service. Let Brook- 


a Brookside sales ‘engineer 


or field engineer. 


© Ground & Polished St. St. Rod. © Nylined Bearing. 


¢ Honed Brass Barrel Copper-brited for resistance to 
corrosion. 








Parts drawing will be furnished at 
no charge. We don't anticipate ot aer 
that Replacement Parts will be re- 
quired . . . but if some ever are, CATALOG No. 90 
the parts will be available from before next Tuesday! 


stock, 









































55 EAST 2nd ST., MINEOLA, N. Y. 
PEG-6 





Name 














Company 


McCORDSVILLE, INDIANA + TELEPHONE EDISON 5-2101 EIT 
MANUFACTURERS OF FANS + BLOWERS + AIR MOVING EQUIPMENT Zone State Se ae 


a ee eS EE SE SS AS EE NE SS SY SE 


oe TT 


~ 
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DESIGN LITERATURE... continued 


ing delay of from 1 to 90 sec and other, 
unit with 15- to 300-sec operating delay 
Both carry mechanical and electrical speci- 
fications, as well as resistance characteris 
tics at 25 C. Branson Corp, 41 S Jefferson 
Rd, Whippany, NJ. 

Circle 363 on Reader Service Card 


TUNNEL-DIODE CIRCUIT DESIGN 
—Booklet AN-1359A, 16 pp. Discusses 
theory of tunneling action; various general 
circuit considerations; simple switching cir- 
cuits; and four common digital circuits, in- 
cluding shift register, ring counter, binary 
counter and memory circuit. Transitron 
Electronic Corp, Wakefield, Mass. 

Circle 364 on Reader Service Card 


FIXED-TEMP THERMOSTATS—Bulle 
tin 3000, 4 pp. Describes various snap-act 
ing models and details operation, construc 
tion, available terminals, mountings, elec 
trical ratings, ranges, tolerances and differ- 
entials. Also suggests typical applications 
Stevens Mfg Co Inc, PO Box 1007, Mans 
field, Ohio. 

Circle 365 on Reader Service Card 


RANGE DRIVES—Brochure F-2028, 6 
pp. Explains application of ac-controlled 
speed systems to range drives (for paper, 
fabric, plastic and metal strip) and provides 
schematics of tension control and tension 
less operation where web itself has no 
strength. Other schematics show typical 
frequency-controlled range drives. US Elec- 
trical Motors Inc, PO Box 2058 Terminal 
Annex, Los Angeles 54. 

Circle 366 on Reader Service Card 


MINIATURE THERMOCOUPLES —- 
Bulletin 4336, 6 pp. Covers design, con- 
struction, applications and operating char 
acteristics of temperature sensors which 
have probe diameter of 0.014 in. and 
operates in temp range from cryogenic en- 
vironments to 3000 F. Includes drawings 
and photographs; circuit sketches; curves 
showing radiation error, time constant and 
response times; and temperature ranges 
Electronic & Instrumentation Div, Bald- 
win-Lima-Hamilton Corp, 42 4th Ave, 
Waltham 54, Mass. 

Circle 367 on Reader Service Card 


HEAVY-DUTY COUNTER — Bulletin 
227891, 2 pp. Traces specifications of unit 
for remote and difficult-to-see locations and 
offers dimensional drawings. Veeder-Root 
Inc, 70 Sargeant St, Hartford 2, Conn. 
Circle 368 on Reader Service Card 


FLAME-RETARDANT EPOXY RESIN 
—Brochure, 4 pp. Describes resin for hot- 
melt castings and dry layup laminating 
systems and tabulates physical, electrical 


and chemical resistance properties of fin- 
continued on page 85 
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ACME 


attachments 
designed 


for 
AUTOMATION 


Time and time again, Acme Engineers have proven that 
made-to-order conveyor chain attachments need not be 
costly. They have produced hundreds of special attach- 
ments for standard roller chains that are practical in de- 
sign, outstanding in performance and lower in cost. 


At Acme, special attachment costs are lowered through 
modified design and development. From a wide selection 
of standard attachments, Acme Engineers incorporate as 
many standard parts as possible into each special attach- 
ment produced, giving you higher productivity while lower- 
ing your initial maintenance costs. Acme Chains are 
available in a complete range of sizes from 4” pitch to 
2%” pitch. 


Whatever your requirements, call or write Acme’s Engi- 
neering Department for a practical solution to your 
attachment problems designed from your specifications. 


Write Dept. 1-V 
for new ill. 100 page cata- 
log with engineering section. 


RELIABLE CHAIN DRIVES FOR ALL INDUSTRIES 





ROLLER CHAINS, SPROCKETS, CONVEYOR CHAINS, FLEXIBLE 
COUPLINGS, ATTACHMENTS. (Special and Standard) 


MASSACHUSETTS 
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DESIGN 


=e... INTO 
SMALL 
SPACE 


Available: 
2-3-4 Way 

4%” and 44” Sizes 
Dead Seal — 

». No lubrication 
required. 


\ 
\ 


Model 250-4E2 
4" 4-Way 


Momentary Contact 


| Ptumphrey 
ELECTRIC 
SPECIFICATIONS. - VALVES 


(%4"-4 Way 


sure-Range 


EXCLUSIVE ELECTROPACT DESIGN 


{Ss cpoxie sealed, Vetail ct aS€ 


oke 


#250-4E2 Momentary Contact | #250-4E1 Maintained Contact 


Voitage ) 18) y e 


Ftumphrey Products ow. 


General Gas Light Company Box 2008, Kalamazoo, Mich 
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JUST PUBLISHED 


HANDBOOK OF 
FLUID DYNAMICS 


Prepared by a Staff of Specialists 
VICTOR L. STREETER 
Editor-in-Chief 


Professor of Hydraulics 
University of Michigan 


Expert guidance on fundamental prin- 
ciples and practical applications of 
fluid dynamics is placed at your com- 
mand in this master Handbook. Its 
comprehensive sections prepared 
32 leading authorities supply 
saving mathematical tools, ad 
vanced theory, analytical methods 
and useful facts and data for handling 
today’s fluid-flow problems From 
properties of fluids and equations of 
fluid flow through one 
sional and two-phase flow 
mentation, turbo-machiner 
drostatic lubrication 
topics is expertly covere« 
vital information n such ar 
ideal-fluid flow—laminar flow trans 
port phenomena in multicomponent 
systems — compressible flow — and 
many others. Included also in this 
authoritative reference s practical 
material on conversion, transmission, 
and control of fluid power . lubrica- 
tion mechanics... open-channel! flow 
, dimensional analysis fluid 
transients in engineering systems. . 
and use of the digital computer for 
fluid-flow calculations 1240 pp., 907 
illus. and tables, $24.00 


ENGINEERED CASTINGS 


Just Out. Tested techniques for 
best results in the design, manufac- 
ture, and use of metal castings. De- 
scribes advances in investment shell 
processes and induction stirring in 
arc furnaces ... and improved 
methods for treating metals, ductile 
irons, and shell molding. Covers 
materials—mechanical properties 

precision and tolerances—purchas- 
ing standards—and more. By G. J. 
Cook, Gen. Elec. Co. 257 pp., 98 


illus., $8.50 
THEORY OF MACHINES 


Just Out. Combines two volumes- 
in-one: Part 1—Kinematic Analy- 
sis of Mechanisms... and Part 2— 
Dynamic Analysis of Machines. 
Part 1 stresses graphic and analytic 
methods .. . provides tools for 
analysis and design of cams, gears, 
hydraulic mechanisms, etc. Part 2 
treats machine forces and motions 
The unit vector approach helps you 
determine static and dynamic forces 

analyze linkages, including 
space mechanisms. By J. E. Shig- 
ley, Univ. of Michigan. 657 pp., 
illus., $11.50 


FREE EXAMINATION 


McGraw-Hill Book Co., Dept. PE-6-5 

327 W. 41st St., New York, 36, N. Y. 

Send me book(s) checked below for 10 days’ ex 

amination on approval. In 10 days I will remit for 

book(s) I keep plus few cents for delivery costs, 

and return unwanted book(s) postpaid. (We pay 

delivery costs if you remit with this coupon 

same return privilege.) 

[] Streeter—Hdbk. of Fluid Dynamics, $24.00 
Cook—Engineered Castings, $8.50 

(} Shigley—Theory of Machines, $11.50 

(PRINT) 

Name os 


Address 
City 
Company 
Position 


For price and terms outside U.S. 
write McGraw-Hill Intl., N.¥.C 
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1. Sturgis, Michigan 
In heart of metal working industry. 
Seven large truck line terminals. 

New York Central and 
Pennsylvania Railroads. 


2. Haleyville, Alabama 


Convenient to Birmingham. 
On U.S. Highway 278. 
Southern and Illinois Central Railroads. 


STEEL TUBING 


Manufactured by 
electric welding to your 
needs. Sizes 54” to 
3”O.D. 20 to 10 gauge. 
Round or square. 





TEMPLATE-TRUE 
TUBE FORMING 
TO YOUR 
SPECIFICATIONS 


Steel, copper, brass, bronze 
aluminum or stainless tubing 
fabricated to your specifications. 
Sizes %" to 6” OD, 20 to 10 gauge. 
Thirty-four years of experience in 
forming, welding, beading, bending, 
stamping of formed tubes. 


Top-flight engineering service. 


Write, wire or phone for booklet or quotation. 


Formed Tubes, Inc. 
607 Prairie Street, Sturgis, Michigan 


Formed 
Tubes, INC. 
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DESIGN LITERATURE. . .continued 
ished castings and laminates. Instructions 
for using resin are included. Union Car 
bide Plastics Co, 270 Park Ave, New York 
17 

Circle 369 on Reader Service Card 


HEAT EXCHANGERS-—Catalog section 
S-6813, 8 pp. Explains construction of 
impervious graphite, counterflow block 
units and shows five flow arrangements 
using single, three and five passes. Dimen 
sions of five models are given, and illus- 
trations include fluid flow patterns made 
possible by various manifold arrangements 
and curves presenting pressure drop char 
acteristics. National Carbon Co, 270 Park 
Ave, New York 17. 

Circle 370 on Reader Service Card 


DC POWER SUPPLIES—Catalog, 24 pp 
Details specifications of over 200 power 
supplies, plus combinations of kitted 
modules and offers step-by-step calculation 
of packaging dimensions for multiple dc 
outputs. Considerations include spacing 
problems for modular de power supplies 
under various conditions of ambient tem 
perature, external cooling and rated cur 
rent. Dressen-Barnes Electronics Corp, 250 
N Vinedo Ave, Pasadena, Calif. 

Circle 371 on Reader Service Card 


WIRE-WOUND RESISTORS—Catalog, 
6 pp. Carries diagrams and specifications 
of 20 standard axial lead and printed circuit 
type resistors; table describing characteris- 
tics of resistance wire; and table showing 
relation between max possible resistance 
and wire types. Ortho Precision Resistors 
Inc, Sub of Ortho Industries Inc, 7 Pater 
son St, Paterson 1, NJ. 

Circle 372 on Reader Service Card 


THERMOSTATS-—Bulletin 3000-1, 4 pp. 
Covers dimensions, ranges, tolerances, dif 
ferentials and Type A ratings of both 
hermetically sealed and semi-enclosed bi 
metal disk type units. Includes cutaway, 
photographs and line drawings. Stevens 
Mfg Co Inc, PO Box 1007, Mansfield, 
Ohio 

Circle 373 on Reader Service Card 


VOLTMETERS-Short-form catalog, 8 
pp. Traces design features and specifica 
tions of laboratory-type voltmeters, decade 
amplifiers, calibrators, capacitance meters, 
ac/de converters and dc/ac_ inverters. 
Photographs of each are included. Ballan 
tine Laboratories, Boonton, NJ. 

Circle 374 on Reader Service Card 


SILICON TRANSISTORS, GLASS DI- 
ODES-—Short-form catalog, 4 pp. Tabu- 
lates specifications of intermediate and 
high-power transistors; and glass diodes for 
military, general purpose, fast switching, 


continued on page 87 


ELECTROMAGNETIC 
ACTUATORS 


(FLAT ARMATURE TORQUE MOTORS) 


‘ aypertizee” 


For use in... 
© ELECTRO HYDRAULIC 
© ELECTRO PNEUMATIC 
* €LECTRO MECHANICAL 
¢ HOT GAS SERVO 


SYSTEMS 


"High termperature (1200°F) and dry 
"eoil torqe@ Motors are also available 
"80 fulfill Your specific applications. 
“Unitized” Construction, found only 
in Servetfomics’ Torque Motors, 
| @Uerantees Maximum reliability, low 
| weight, and high performance. 
ene *| 


PERFORMANCE CHARACTERISTICS, 
SERIES 20 FLAT ARMATURE TORQUE MOTORS. 


movet | 20-1 [20-2 | 20-3_|_20. 4 
Stroke(in.) | _=.006] ~.007/| =.008 = S15) 
Output oy 
Radius (in.) 650 750| _.906 | 
Midposition 
Force(ib.) 2.5 8.0 | 13.0 

aA ee SS SSS eee eee 





Hysteresis 
fo) 





2 2 | 2 


1 





Resonant 
Frequency 
(CPS) 940 
Max. Power 
Req'd 
(Wotts) 
Weight(oz.) 





790 580 400 





i 


| 
7 
1.6 | 2.65 3.1 5.2 
2.8 5.8 | 9.0 | 19.5 


also manufacturers of the 


“APEX’’ METALLIC SEAL 
(—320° F. to +2200° F.) 
For all AN Cavities or for Special 
Applications — 

— 

















ervotronics, inc. 


190 GRUNER RD./ BUFFALO 25, N.Y./KEystone 6105 
t West Coast Representative 5 = 
; INDUSTRIAL MEASUREMENT SALES, INC. 

445 N. Gorey Ave., Pomona, Calif. NAtional 3-1588 


. — 





~_— 
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Relays 


. flexible to meet 
every requirement 


Clare mercury-wetted contact relays are avail- 
able in printed circuit assemblies, modules, con- 
ventional plug-in relays and special assemblies. 
Either of two basic switch capsules...HGS for 
especially fast, sensitive operation or HG for 
higher contact loads...is provided. These relays 
are tested for billions of maintenance-free oper- 
ations. They never get out of adjustment, never 
bounce or chatter. 


The remarkably long life of CLARE mercury-wetted 
relays is the result of a design principle whereby a 
film of mercury on the contacts is constantly renewed, 
by capillary action, from a mercury pool. Switches are 
sealed in a glass tube in high-pressure hydrogen 
atmosphere. 


For complete data write for Design Manual 201-A 
C. P. CLARE & CO., 3101 Pratt Bivd., Chicago 45, Illinois. 


In Canada: C. P. Clare Canada Ltd., 


840 Caledonia Road, Toronto 19, Ont. 
Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 
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MOORE 


SET SCREWS since 1880 


CRATEX 
——> RUBBERIZED 


ro et ‘ABRASIVES 


That whi 
‘Micro- -deburring, Smoothing, 
. Cleaning, Polishing 


Cratex reliability lowers costs 


You can count on every Cratex item 
to perform just as you expect it to— 
exactly as the last one did and as the 
next one will. This is the key to effi- 
ciency in micro-deburring, smoothing, 
cleaning and polishing. YOU SAVE 
TIME because you know just what to 
expect in performance without experi- 
menting or compensating. YOU SAVE 
REJECTS because with Cratex no 
unexpected irregularities occur to spoil 
work pieces. 

WHEELS - POINTS - BLOCKS - STICKS - CONES 
in 4 grit textures for power or manual 


application. Sold through leading industrial 
supply distributors. 


FREE! Send for the complete CRATEX 
Industrial Catalog today 


CRATEX 


MANUFACTURING COMPANY, INC. 
1600 Rollins Road Burlingame, California 
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if you use SET Sc 


specify MOORE and be ! 
* precision quolity 
e speedy delivery 
e the right price 


headless slotted 


HERE’S a Moore Set Screw 

exactly right to meet your 
needs . . . one or a million; 
standards, miniatures or spe- 
cials. Problem-solving engineer- 
ing service available. Specify 
Moore and be sure. Depend- 
able quality for over 80 years. 


Write for catalog. 


George W. Moore, Inc. 


92 Beaver St., Waltham 54, Mass. 
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DESIGN LITERATURE continued 


controlled forward, high power and high 
current switching applications. Also con- 
tains JEDEC cross reference chart. Silicon 
Transistor Corp, Carle Place, NY. 

Circle 375 on Reader Service Card 


CLOSED-CELL TUBING & PIPE IN- 
SULATION-—Catalog T-260, 4 pp. Traces 
advantages, physical properties, recom 
mended thicknesses and dimensions of 
polymeric material for warm or cold fluid 
lines. Rubatex, Div of Great American 
Industries Inc, Bedford, Va. 

Circle 376 on Reader Service Card 


DIGITAL CIRCUIT CARDS-—Brochure, 
4 pp. Describes logic, performance and 
construction characteristics of series, com 
prising over 45 types of transistor circuit 
cards for all general and special purpose 
digital equipment. Epsco Components, 
Div of Epsco Inc, 275 Massachusetts Ave, 
Cambridge 39, Mass. 

Circle 377 on Reader Service Card 


SELSYN INDICATING SYSTEMS—Bul- 
letin GEA-7218, 6 pp. Details applications 
of selsyn monitoring system for remote 
indication and control. Lists several in 
dictator arrangements such as geared in 
dicators, digital counter-type readouts, etc 
Specification tables give data in selecting 
dial type, degree of accuracy desired, ap 
propriate indicators and _ transmitters 
Diagrams show approx dimensions. Gen 
eral Electric Co, Schenectady 5, NY 
Circle 378 on Reader Service Card 


COMPRESSOR-VACUUM PUMP-—Bro 
chure, 4 pp. Table and curve show flow, 
pressure and vacuum outputs of diaphragm 
type compressor or vacuum pump. Dimen 
sions, dimension drawings, and schematics 
showing operation are included. Air Con 
trol Inc, 450 Narberth Ave, Narberth, 
Penna 

Circle 379 on Reader Service Card 


CLOSED-CELL RUBBER-Catalog 
C-60, 8 pp. Tabulates physical and thermal 
properties of material for sealing, gasketing, 
cushioning, vibration isolation, etc. Stock 
sheet sizes also are outlined, and applica 
tions are sketched. Rubatex, Div of Great 
American Industries Inc, Bedford, Va 


Circle 380 on Reader Service Card 





FOR MORE CATALOGS 
AND BULLETINS 

1600 of "em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head 
ings, from important manufacturers 
and suppliers of components, mate 
rials, power and control systems, 
manufacturing processes 
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HOLDS 4 TIMES AS BiG A BUNDLE — 
HOLDS AT 50 G'S 


Genuine Bund-L-Tite* nylon straps are twice as long and fully 10 
times as strong as any other bundle-tying strap made. This means 
that you can secure larger bundles at greater stresses. Bund-L-Tite is 
fast and simple, too: just pull the self-locking strap around the wires. 
No tying, no knots, no hitches to come loose. Light- -weight DuPont 
zytel meets MIL-P-17091. 1%” size holds 40 lbs. tension; 4g”, 175 lbs.; 

4”, 325 lbs. IMITATED BUT NOT DUPLICATED. Write for free literature. 


Cc “~~ F<. CD FT s£oa~~ Manufacturer of 
ENGINEERING, INC. Cab-L-Tite clamps. 
4315 Sepulveda Blvd., Culver City, California *Trade Mark 
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>” SMALL 
A 
MOTORS 


~ 1/100 TO1HP 


Speeds: 860, 1140, 1725, 3450 rpm. 
Voltages: 32, 115, 230 volts. 
Windings: compound, shunt, and series. 


Enclosures: for foot- or end-mounting; open, totally 
enclosed, explosion-proof, severe-duty, marine 
waterproof, Navy spraytight. 


Bearings: Ball or sleeve. 
Special ratings and speeds also available. 


Features: Long life, high efficiency, quiet operation 
because of close tolerances, dynamic balancing, and 
spirally stacked punchings. 


F R . a Write to Section 634-21, Schenectady, N. Y 


suuetin GENERAL (6) ELECTRIC 
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EMPLOYMENT OPPORTUNITIES 





BENDIX 


Needs Inquiring 
Minds In 


PRODUCT 
ENGINEERING 


Bendix of Kansas City, Missouri needs Engineers 
tto do original work with new materials and 
close, more exacting work with ordinary mate- 
rials—minds that will inquire into the many 
branches of technology and bring together that 
combination of techniques capable of producing 
a unique product. As a Prime Contractor for 
the Atomic Energy Commission, our function 
is to give the Weapon Designer the greatest 
possible latitude in exploiting new materials 
and techniques. We do this by paralleling his 
design work with advanced development of 
manufacturing processes during the design phase. 


SYSTEMS COORDINATING 
ENGINEERS 


@ Responsible for technical manage- 
ment and coordination of mechanical 
and electrical systems in development 
and production. Program includes di- 
recting the activities of other engineer- 
ing support groups and manufacturing 
organizations as well as maintenance of 
liaison with outside design agencies. Re- 
quires a basic knowledge of production 
techniques and processes employed i 
sheet metal, light and heavy precision 
‘machining and plastic fabrication in- 
cluding tooling and gaging. Minimum 
of 2 years’ experience in the engineer- 
ing phases of a manufacturing organ- 
ization. M.E. or E.£. Degree is desirable. 


ELECTRICAL PRODUCTS 
ENGINEERS 


@ We have several excellent openings 
for men with E.E. degrees plus 5 to 10 
years’ experience in electronic circuits, 
materials and components. You should 
understand how to encapsulate electri- 
cal circuits to perform with a high 
degree of reliability under critical 
environmental conditions. 


These are responsible positions for engineers 
who are qualified to do original and creative 
work, and who can demonstrate bv a record of 
past professional accomplishment that they pos- 
sess this ability. Ours is one of the nation’s 
most vital industries. We offer unusually gen- 
erous company benefits in a Midwestern com- 
— which is famous for its beauty and low 
cost-of-living. All replies will be strictly con- 
fidential. 


For Personal Interview Send Resume fo 


Mr. K. L. BEARDSLEY 
Box 303-VK 


All qualified applicants will receive con- 
sideration for employment without re- 
gard to race, creed, color or national 
origin. 


KANSAS CITY DIVISION 


95th & Troost, Kansas City 41, Missouri 














| 
| 


| 





CAREER 
OPPORTUNITIES IN 


MANUFACTURING 
ENGINEERING 


2 esses 


Memory array has (upper) been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (lower) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 
main patterns in thin deposited films through 
the use of the Kerr Magneto Optic Effect. 


| There’s an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportun- 
ities for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
Opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 
Immediate Openings Include : 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 
PRODUCTION ENGINEERS 

Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the world's most re- 
liable computers. These positions require the 
utilization of imagination and creativity in 
production. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON, Department BB-6 
Remington Fland. 
Hninac. 
DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh St., St. Paul 16, Minnesota 


“All qualified applicants will be considered regardless 
of race, creed, color or national origin. 





SERVOMECHANISM ANALYSIS 


GRADUATE MECHANICAL OR ELECTRICAL 
ENGINEER WITH EXPERIENCE IN SERVO 
CONTROLS ANALYSIS. 


ESTABLISHED HYDRAULIC AND PNEUMATIC 
COMPONENTS MANUFACTURER IS DEVELOP. 
ING A BROADER CONTROLS SYSTEM CAP- 
ABILITY. INTRODUCTION OF ANALOGUE 
COMPUTER TECHNIQUES AND HIGH- 
PRESSURE ELECTRO-HYDRAULIC CONTROL 
DEVICES PROVIDES THIS OPPORTUNITY IN 
COMPANY’S WELL EQUIPPED R & D AC- 
TiviTy. 

All qualified applicants will receive consideration 
for employment without regard to race, creed, 
color, or national origin. 


P-6745, Product Engineering 
645 N. Michigan Ave., Chicago 11, Il. 








BUSINESS 
OPPORTUNITY 








NEW TOY IDEAS WANTED 


PRODUCTS WANTED: Well established 
research and development company de- 
sires to contact designers and inventors 
having new, novel and original ideas or 
inventions for toy or hobby field. Royalty 
or outright purchase. Prefer items two 
dollars retail and higher. Any accepted 
medium OK. Please send for submission 
forms. 


Product Engineering 


BO-6144, 


55 California St., San Francisco 11, 











What is 


your 
problem? 


Competent men 

for your staff? . 
employment? 

... Or are you 
looking for— 

or offering— 

a business opportunity 
of special interest 
to readers 

of this publication? 
You can get their 
attention through 
an advertisement 
in the 

Employment Section 


of PRODUCT ENGINEERING 
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EMPLOYMENT OPPORTUNITIES 











A BRAND NEW—EXCLUSIVE— 
READER SERVICE WILL BE ADDED 
TO THE POPULAR 

DESIGN DIGEST ISSUE— 


THE DESIGN ENGINEERS’ 
PRODUCT CATALOG INDEX 


A new, easy way for you to get manufac- 


turers’ product information. 


Suppliers’ catalogs and bulletins—more 
than 2000 of them—will be indexed by 
product and alphabetically by company 
name. Brief descriptions of content will 


be included. 


Here’s an organized source for ready 
reference—no more leafing through back 
issues or spending valuable time hunting 


through files. 


This will be the most complete index of 
available product data ever offered to 
Design Engineers. You'll want your per- 
sonal copy of the DESIGN DIGEST Issue 
which will include the new Product Cata- 


log Index. 


If you are not now a subscriber, send in 
the Subscription Card in this issue—today! 


DESIGN DIGEST ISSUE 


September 4, 1961 








ENGINEERS 


Bausch & Lomb 


There are several openings for Sen- 
ior Design Engineers in the Product 
Design Sections of our company. 


These are permanent positions re- 
quiring the ability to take Mechani- 
cal Design responsibility from con- 
cept to a saleable product. Products 
involved are mechanical-electrical- 
optical in nature. Mechanical Engi- 
neering Degree and at least 5 years 
of mechanical experience is re- 
quired. Optical or electrical back- 
ground helpful but not necessary. 


Positions require board design, co- 
ordination of customer require- 
ments with Electrical and Optical 
Engineers, supervision of detail 
draftsmen, assistance to shop dur- 
ing construction and assembly as 
well as testing and development 
work. 


Those who can qualify and are inter- 
ested in real design responsibility 
are invited to send resume with sal- 
ary requirements to E. P. Faro, Pro- 
fessional Employment. 


Bausch & Lomb 


INCORPORATED 


17 Bausch Street 
Rochester 2, New York 
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CANBE 
READ FROM : 
oa ANGLE 


featuring 
ONE-PLANE PRESENTATION 
Series 10000 


Over 1000 
firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


PRICE 
COMPLETE 


18” 


QUANTITY a 
ON REQU 


Binary-To-Decimal WRITE TODAY FOR 
Decoders Available. compLete SPECIFICATIONS 


Representatives in principal cities 


_ousrem Evecrromic Encinesns me 


EE 5528 Vineland Avenue 
North Hellywood, California 
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Dehumidification 
at 


Atlantic Research Corporation 


requires 2 engineers 


The new Desomatic Division, formerly Deso- 
matic Products, Inc., has a long, successful 
history in the design, develop t and manu- 
facture of commercial and custom dehumidifi- 
cation equip t. Exp has created 2 new 
openings. 

DEVELOPMENT ENGINEER 


For development in the fields of air treating, 
heat exchange and gas drying. To work on exist- 
ing projects, development o 
preparation and pr tation of pr 
ested government agencies. Up to 10 years ex- 
perience in general light metal fabrication, with 
B.S. in mechanical and/or industrial engineering, 
and a knowledge of engineering calculations struc- 
tural design, machine work, sheet metal work, 
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SILICONE NEWS from Dow Corning 





Versatility Is the Word | 


=, 


Silastic RTV meets many needs 
... cures-in-place without heat 





Think of a silicone rubber you can pour into place to produce flexible 
molds . . . to encapsulate electronic assemblies . . . to make a one-of-a- 
kind gasket or seal. Or imagine a rubbery silicone adhesive you squeeze 
from a tube — yet it bonds without slump or sag, and at room tempera- 
ture, too! Think of such materials and you think of Silastic® RTV. 


A product of Dow Corning silicone research, this more versatile silicone 
rubber has many forms. Yet, on curing, all forms exhibit the same resist- 
ance to extreme temperatures — from -100 to 500F. All withstand the 
effects of oxygen, ozone, weathering, time, corona, thermal cycling and 
voltage stress. 


Need prototype parts faster? Use Silastic RTV to make molds quickly 
and economically. You simply pour the Silastic RTV around the pattern; 
set-up time ranges from minutes to hours depending on your needs. The 
cured mold is flexible, strips easily, and will accept most casting materials 
without a parting or release agent. And because Silastic RTV flows and 
fills every hairline, you obtain prototype parts with the very finest detail. 


Or maybe you need to protect some elec- 
tronic device from moisture, shock, or 
severe environment. Silastic RTV is ideal 
for this job .. . is used by many electronic 
firms to encapsulate avionic subassemblies 

. . effectively maintains a seal regardless 
of severe temperatures, hot or cold. 


An adhesive, too! A new Silastic RTV 
is now available in handy tubes . . . is fast 
gaining acceptance as a flexible adhesive. 
Bonds to most materials including metals 
and plastics. When squeezed from the tube 
it adheres . . . even to inverted surfaces... 
does not slump or sag. When curing is 
complete—at room temperatures, of course, 
you have a rubbery, strong silicone bond. 


Yes, versatility is a good descriptive word 
for Silastic RTV. Problem-solver or time- 
saver are others. What’s yours? 





For more information about 
Silastic RTV and its applications, 
write Dept. 5218a. 


Dow Corning CORPORATION 
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